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PRESIDENT'S    ADDRESS. 


ADDRESS 


BY 


Sir    Charles    Metcalfe,    Bart., 


President. 


I  have  to  thank  you  for  the  honour  done  me  by  electing 
me  as  your  President,  an  honour  which  I  feel  all  the  more 
deeply  because  I  am  painfullj^  aware  of  how  little  I  have  been 
able  to  do  personally  by  scientific  record  or  research.  I  can  at 
least  assure  the  members  of  our  Association,  whom  we  welcome 
here  to-night,  that  I  shall  always  do  what  I  can  for  the  purpose 
of  this  Association  for  the  Advancement  of  Science. 

Our  past  President,  Sir  David  Gill,  in  his  inauguratory 
address  at  Cape  Town  last  year  on  the  occasion  of  the  first 
annual  meeting  of  this  Association,  dealt  with  it  and  its  history 
since  its  inception. 

The  number  of  ordinary  members  then  on  the  roll  was  702, 
and  the  number  of  associates  32 ;  the  number  of  ordinary  mem- 
bers to-day  is  913,  and  that  of  associates  124. 

A  copy  of  the  report  of  our  last  year's  meeting  has,  I  trust, 
reached  every  one  of  our  members.  We  have  to  express  our 
regret  that  it  has  come  to  hand  so  late,  but  the  work  involved 
in  its  compilation  was  arduous  in  the  extreme,  and  our  thanks 
are  due  to  the  Rev.  Mr.  Flint,  who  has  spent  a  long  period  of 
valuable  time  on  the  work.  We  have  to  express  the  thanks  of 
the  Association  to  the  Government  of  the  Cape  Colony,  who 
generously  undertook  the  cost  of  the  whole  printing  the  reports 
and  papers  of  last  year's  meeting,  and  I  think  you  will  agree 
with  me  that  the  production  is  a  handsome  as  well  as  a  valu- 
able one. 

The  fifty-six  papers  to  be  read  before  this  meeting  of  our 
Association,  their  subjects  and  the  names  of  their  authors,  jnake 
it  certain  that  the  second  volume  of  our  proceedings  will  be  at 
least  of  equal  interest  to  the  first,  and  will  prove  a  very  valu- 
able addition  to  any  library. 

We  very  heartily  thank  His  Excellency  Lord  Milner  for 
the  valuable  and  consistent  assistance  he  has  given  to  this 
Association,  and  we  congratulate  ourselves  on  the  kindly  in- 
terest he  has  always  taken  in  our  proceedings. 

Our  thanks  are  also  due  to  His  Excellency  Sir  Arthur 
Xiawley  for  kindly  inviting  the  members  of  this  Association  to 
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a  Garden  Party  at  Government  House,  Pretoria,  on  Thursday 
next. 

The  official  Souvenir  Programme  shows  not  only  that  a 
busy  week  is  before  you  with  a  verj^  full  and  promising  list  ol 
papers,  many  of  which  deal  with  questions  of  vital  importance 
to  this  community,  but  also  that  another  purpose  of  this 
Association,  namely,  the  promotion  of  social  intercourse  of  all 
those  interested  in  science,  has  been  amply  provided  for.  For 
their  kind  help  and  hospitality,  now  proferred  to  us,  we  beg  to 
thank  the  Mayor  and  Town  Council  of  Johannesburg,  the  Trans- 
vaal Cliamber  of  Mines,  Sir  George  and  Lady  Farrar,  Mr.  and 
Mrs.  Keunert,  the  members  of  the  Stock  Exchange,  the- 
Chamber  of  Commerce,  the  Chamber  of  Trade,  the  Pretoria 
Committee,  tlie  managements  respectively  of  the  Robinson, 
the  Robinson  Deep,  the  Ferreira  and  Ferreira  Deep,  and  the 
Premier  Mine,  the  South  African  Explosives  Company,  and  the 
local  scientific  societies. 

The  arrangements  for  such  a  meeting  as  this  involved  a 
great  deal  of  arduous  work,  and  we  tender  our  best  thanks  to 
Mr.  Reunert,  to  whom  the  starting  of  this  Association  was. 
mainly  due,  for  the  unremitting  labour,  the  time,  and  the 
thought  that  he  has  devoted  to  it,  and  also  to  his  able  coadju- 
tors. 

Next  year  we  hope,  in  July,  1905,  to  welcome  the  visit  of 
the  British  Association  to  this  country,  a  visit  that  the  mem- 
bers of  that  Association,  I  am  assured,  look  forward  to  with 
pleasure,  and  that  we  all  anticipate  will  be  productive  of  great 
good.  The  many  complicated  problems  of  this  young  country^ 
of  a  nation  in  the  course  of  making,  cannot  fail  to  interest  men 
whose  life  is  spent  in  investigation  and  research,  whilst  personal 
intercourse  with  great  intellects  must  exercise  a  stimulating 
influence  on  ourselves.  It  is  a  liberal  education  in  itself  to 
know,  for  instance,  a  man  like  Lord  Kelvin,  who,  in  spite  of 
the  fact  that  he  wull  be  eighty-one  years  of  age  next  year, 
hopes  then  to  visit  us.  All  his  life  has  been  devoted  to  the 
advancement  of  the  intellectual  and  material  progress  of 
humanity.  lie  is  equally  well  known  and  honoured  for  his 
contributions  to  applied  science  as  to  purely  scientific  research. 
Steam  and  heat  engines,  electricity,  marine  telegraphy,  and 
ocean  navigation  have  all  benefited  to  a  very  large  extent  by 
the  ijiventions  and  researches  which  have  occupied  his  long  and 
useful  life.  His  influence  on  his  students  and  others  engaged 
in  scientific  work  has  been  all  for  good,  a  wonderful  record  of 
a  great  man's  life  work,  and  yet  the  traits  of  his  character 
which  most  impress  anycme  who  has  the  privilege  of  knowing 
him  are  his  kindliness,  his  love  of  truth,  and  his  humility — an 
object  lesscm  to  all  those  who  tread  the  path  of  science. 

During  the  past  year  progress  has  been  made  with  the 
magnetic  survey  of  South  Africa.  Dr.  Beattie  has  kindly  fur- 
nished me  with  the  following  data  concerning  it.     The  work 
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at  each  station  consisted  in  determining  the  latitude  and  the 
longitude  of  the  place  of  observation,  the  magnetic  declination, 
the  horizontal  intensity,  and  the  dip.  These  observations  have 
been  made  at  f'^62  stations,  distributed  as  follows:  — 

Cape  Colony     160 

Transvaal  90 

Orange  River  Colony     47 

i.^  aiai  •••      •••      •••      •<•      •••       Of 

Rhodesia 28 

The  following  observers  liave  taken  part  in  the  work:  — 

stations  observed. 

Professor   Beattie    359 

Professor  Morrison  100 

Mr.    Lowinger         48 

Mr.  Hough       12 

The  data  obtained  are  at  present  being  reduced;  the  first 
reduction  is  about  two-thirds  finished,  and  it  is  hoped  it  will 
be  completed  about  the  end  of  Maj*.  The  second  reduction  will 
probably  require  about  six  months. 

The  total  money  grant  for  the  purpose  of  the  Survey, 
£2,465  10s.,  was  constituted  as  follows:  — 

Cape   Colony     

Transvaal  

Orange  River   Colony     

Natal 

Rhodesia  

Royal  Society,  London 

Professors  Beattie  and  Morrison 
The  geological  survey  of  the  Cape  Colony  has  made  steady 
progress  during  the  past  year.     Two  special  points  of  interest 
were :  — 

1.  The  examination  of  a  peculiar    group    of    volcanic 

necks  in  Sutherland ;  agglomerates  with  several 
features  in  common  with  the  Kimberley  breccias 
were  found  associated  with  melilite  basalt,  a 
type  of  rock  that  had  only  been  found  in  South 
Africa  previously  in  a  neck  in  Uitenhage  beds. 

2.  The  discovery  of  a  glaciated  boulder  pavement  in 

the  Dwyka  Conglomerate  of  Ceres,  with  a  surface 
in  this  conglomerate  over  which    a    sheet    of  ice 
travelled — the  first  case  of  a  boulder  pavement  in 
rocks  older  than  the  Pleistocene  glacial  deposits 
of  Europe  and  America. 
The  Marine  investigations   carried   out   by   the    Cape    Govern- 
ment during  1903  have  brought  to  light   many  new  and  in- 
teresting specimens  of  marine  life. 

The  past  year  has  been  notable,  from  a  scientific  point  of 
view,  for  the  discoveries  due  to  the  research  on  Radium,  carried 
out  by  many  of  the  greatest  scientists  of  the  day,  especially  by 
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Professor  Rutherford,  Sir  William  Ramsaj,  Mr.  Soddy,  Pro- 
fessor Becquerel,  Sir  William  Crookes,  Professor  Dewar,  and 
last,  but  not  least,  by  M.  and  Mme.  Curie,  to  whom  the  "  Sir 
Hunaphrey  Davy  "  medal  of  the  Royal  Society  was  awarded  for 
their  important  contributions  to  the  knowledge  of  its  extra- 
ordinary properties.  Some  idea  of  the  laborious  and  patient 
investigations  which  M.  and  Mme.  Curie  have  carried  out  may 
be  gathered  from  the  fact  that  after  two  years  of  continuous 
work  they  have  succeeded  in  obtaining  about  one  gramme  of 
Radium  chloride  after  treating  some  eight  tons  of  uranium 
residues.  This  gives  us  a  good  illustration  of  a  great 
saying  that  **  science  is  slow.''  Professor  Rutherford  has  in- 
vestigated the  gaseous  radiations  emitted  by  radium,  which  he 
has  called  the  alpha,  beta,  and  gamma  rays.  Professor 
Becquerel  has  determined  the  mass  and  the  velocity  of  the  beta 
rays,  which  he  found  to  be  negatively  charged  particles.  Sir 
William  Crookes,  by  means  of  an  ingenious  instrument  called 
the  Spinthariscope,  which  he  has  invented,  has  been  able  to 
observe  the  scintillations  produced  by  the  impact  of  alpha  ray 
particles,  and  Professor  Dewar  has  found  that  radium  at  the 
temperature  of  liquid  hydrogen,  that  is  to  say  at  a  temperature 
onlv  a  few  degrees  above  what  is  called  absolute  zero,  is  just  as 
active  as  at  ordinary  temperatures. 

The  physiological  action  of  radium  rays  is  now  being 
investigated,  and  research  is  being  made  as  to  its  possible 
application  in  cases  of  cancer  and  other  dangerous  growths. 

Good  progress,  I  am  glad  to  say,  has  been  made  in  the 
standardisation  of  all  classes  of  engineering  work,  with  a  view 
to  economy  of  manufacture,  which  is  so  essential  in  these  days 
of  acute  competition. 

The  enterprising  firms  of  Messrs.  Siemens  and  Ilalske  and 
the  Allgemeine  Electricitiits  Gesellschaft  may  be  congratulated 
on  the  records  that  have  been  made  in  high  speed  electric  trac- 
tion on  the  Marienfelde-Zossen  line  in  Germany,  where  a  maxi- 
mum speed  of  1^30  miles  an  hour  was  attained  with  safety. 
During  the  past  year  new  and  more  satisfactory  single-phase 
series  wound  commutator  motors  have  been  brought  out  in 
Europe  and  America,  which  will  probably  have  a  most  im- 
portant influence  on  the  electrification  of  railways. 

Electric  furnaces  have  been  employed  for  some  years  for 
the  formation  of  calcium  carbide  and  carborundum;  during 
the  last  two  years  their  use  has  been  extended  to  the  making  of 
tool  steel,  and  more  recently  even  to  the  making  of  ordinary 
steel,  where  water  power  is  very  cheap  and  coke  is  expensive, 
as  at  Livet,  in  France,  where  Mr.  Keller  is  at  work.  This, 
though  at  present  in  a  more  or  less  experimental  stage,  has 
excited  a  considerable  amount  of  attention,  and  I  am  informed 
by  one  of  the  partners,  Mr.  Lelu,  that  a  deputation  from 
Canada  was  going  to  visit  the  works  this  month. 

In  Metallography  progress  has  continued  to  be  made  in 
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our  knowledge  of  the  internal  stnirtiire  of  metals  by  the  aid 
of  microscopical  research.  The  old  methods  of  analysis  and  of 
mechanical  tests  gave  ns  indeed  rough  ideas  of  their  limit  of 
elasticity  and  of  their  ultimate  breaking  strength,  but  they  told 
us  nothing  of  the  changes  in  their  structure  that  are  caused 
by  the  treatment  undergone  b^'  the  metal  from  pressure,  undue 
strain,  or  different  temperatures.  By  the  microscopical 
examination  of  polished  sections  we  are  now  finding  out  how 
the  internal  structure  of  metals  and  their  alloys  is  arranged 
and  re-arranged  by  variation  in  their  treatment. 

The  work  of  geographical  exploration  has  been  continued 
in  the  Antarctic  and  Arctic  Kegions — in  the  former  especially 
some  progress  has  been  made.  Many  survey  expeditions  have 
been  at  work  during  the  past  year  in  the  interior  of  this  great 
continent.  Major  Powell  Cotton  has  explored  the  almost  un- 
known regicm  between  Lakes  Kiulolph  and  Albert.  Mr. 
('hevalier  has  discovered  where  the  basins  of  the  Nile,  the 
Congo,  and  the  8hari  Rivers  meet,  near  the  boundary  of  Dar- 
fur,  whilst  in  Northern  Rhodesia  our  knowledge  and  our  maps 
liave  been  amplified. 

During  the  last  year  the  study  of  tropical  diseases  has 
been  continued  with  vigour.  In  I'ganda  the  Commissioners, 
Dr.  Castellani,  Colonel  Bruce,  and  Dr.  Nabarro,  who  were 
appointed  to  investigate  the  disease  known  as  the  Sleeping 
Sickness,  have  discovered,  by  a  careful  examination  of  every 
case  that  came  under  their  notice,  that  it  is  due  to  a  parasite, 
"  Trypanosoma  "  in  the  cerebro-spinal  fluid,  and  that  the  agent 
of  infection  is  a  species  of  tsetse  fly,  named  the  Gloss  in  a 
pal  pal  is. 

In  Rhodesia,  Dr.  Koch  has  been  spending  the  whole  year 
in  laborious  and  patient  investigation  of  the  African  Coast 
Fever  among  cattle,  and  he  has  now  reported  that  he  has  found 
that  it  is  caused  by  a  blood  parasite  which  can  be  readily  iden- 
tified by  a  demonstration  of  the  specific  organism,  that  it  is 
different  from  Texas  Fever,  or  so-called  Red  Water,  that  it  is 
not  transferable  directly,  that  sick  animals  can  be  stabled  with 
healthy  ones  without  communicating  the  disease,  and  that  the 
disease  can  only  be  spread  by  ticks.  Further,  that  the  blood 
of  animals  that  have  recovered  and  become  immune  is  not  free 
from  parasites,  and  that  the  disease  therefore  can  be  produced 
in  healthy  animals  by  the  transfer  of  parasites  from  salted 
animals  by  means  of  ticks,  and  that  though  fencing,  dipping, 
and  spraying  are  beneficial,  yet  as  they  have  only  a  temporary 
value,  he  recommends. that  these  precautions  should  be  supple- 
mented by  inoculation  with  the  blood  of  animals  that  have 
recovered  whenever  disease  breaks  out  in  the  vicinity. 

The  Geodetic  Survey  of  Africa,  whose  inception  and  con- 
tinuation owe  so  much  to  our  past  President,  Sir  David  Gill, 
is  being  proceeded  with  both  here  and  in  Northern  Rhodesia 
beyond  the  Zambesi.     It  is  intended,  as  you  are  aware,  to  ex- 
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tend  it  northwards,  more  or  less,  probably  along  the  route  of 
the  Cape  to  Cairo  Railway,  that  projected  line  which  to  many 
appears,  perhaps,  to  belong  to  the  things  of  dreamland.  You, 
however,  who  know  South  Africa  well,  will  agree  with  me  that 
in  this  country  it  has  generally  been  found  that  the  sanguitie 
man  has  ever  been  the  truest  prophet.  When  this  Geodetic 
Survey  has  been  connected  up  with  that  of  Europe,  which  has 
now  been  extended  as  far  north  as  Spitzbergen,  we  shall  have 
an  arc  from  that  point  to  Cape  Town — the  longest  arc  that  is 
possible  to  us  on  this  globe. 

All  civilised  nations  have  found  the  advantage  of  having 
proper  and  accurate  maps,  and  it  is  hoped  that  a  useful  work 
may  now  be  undertaken  in  South  Africa  by  a  system  of  second- 
ary triangulation.  This  work  will  necessarily  take  many 
years  to  complete;  every  year,  however,  the  recorded 
results  will  be  of  value,  as  thej'  will  enable  correct  maps  to  be 
compiled,  showing  the  topography  and  main  features  of  the 
country,  and  the  situation  of  the  larger  farms,  of  the  most 
important  and  more  populated  districts  in  the  first  place,  and 
then  of  the  more  remote  parts  of  tlie  country. 

Professor  II addon,  the  late  President  of  the  Anthropo- 
logical Institute,  has  expressed  himself  strongly  on  the  urgency 
of  anthropological  research.  **  In  view,"  he  says,  **  of  the 
decrease  of  the  native  races  by  the  advance  of  civilisation  and 
the  changes  in  the  habits  of  the  survivors,  no  time  is  to  be  lost 
in  the  acquisition  of  scientific  knowledge  by  direct  observa- 
tions. 

There  is  wide  scope  and  much  opportunity  in  South  Africa 
for  such  research,  though  I  think  you  will  agree  the  argu- 
ment about  their  decrease  and  the  use  of  the  word  **  survivors  " 
read  strangely  to  us,  who  see  the  native  races  not  decreasing 
but  happily  increasing  in  numbers,  as  well  as  in  material 
prosperity,  a  fact  that  miglit,  one  would  think,  be  borne  in 
mind  by  many  whose  intentions  are  good,  but  who  are  swayed 
by  emotion  rather  than  b}'  the  cold  logic  of  scientific  accuracy. 

For  research  into  the  causes  and  preventives  of  disease 
both  in  human  beings  and  in  animals,  there  is,  as  we  all  have 
good  reason  to  know,  a  great  field  in  South  Africa.  The 
various  Governments  here  have  shown  commendable  vigour  in 
dealing  with  those  terrible  scourges,  Rinderpest,  Plague,  and 
Red  Water,  and  have  acted  in  a  spirit  of  the  truest  economy 
by  securing  the  services  of  the  most  able  scientists  of  the  day 
for  their  investigations.  When  England  was  ravaged  by 
Rinderpest,  no  remedy  was  discovered  :  the  animals  affected 
were  simply  destroyed,  at  a  cost  of  some  nine  millions  of  money. 
It  was  left  for  South  Africa,  at  a  later  date,  when  knowledge 
was  more  advanced,  by  the  admirable  work  of  the  scientilic 
investigators  engaged  on  that  task,  to  be  the  first  to  discover 
a  preventive  for  that  disease,  a  fact  of  which  this  country  nuy 
well  be  proud. 
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I  have  mentioned  Dr.  Koch's  great  work  in  the  investiga- 
tion of  cattle  fever  in  Ehodesia.  He  has  also  at  the  same  time 
undertaken  researches  into  some  other  of  the  diseases  affecting 
animals  in  South  Africa,  amongst  them  that  most  familiar  but 
terrible  disease  which  we  call  horse  sickness,  a  disease  by  which 
this  country  loses  not  only  many  thousands  of  pounds  annually 
by  the  deaths  of  valuable  animals,  but  also  the  large  amount 
that  might  otherwise  be  realised  by  the  breeding  of  horses  and 
mules.  I  understand  that  Dr.  Koch  is  sanguine  as  to  the  result 
of  his  researches.  Time  alone  will  show  whether  his  efforts  or 
those  of  Dr.  Kdington  and  other  labourers  in  this  field  liave 
given  us  the  much-to-be-wished-for  certainty  of  rendering 
horses  and  mules  immune  from  this  disease. 

Work  is  being  carried  on  in  the  investigation  of  the  other 
manifold  sicknesses  to  whicli  animals  are  liable  in  South  Africa, 
but  ''science  is  slow,''  and  mucli  more  time  and  patient  re- 
search is  necessary  before  we  can  arrive  at  what  we  look  for- 
ward to,  a  period  when  we  shall  no  longer  be  helpless  and  at 
the  mercy  of  these  devastating  pests. 

As  to  diseases  affecting  the  human  race,  we  have  to  con- 
gratulate ourselves  that  the  interest  of  the  community  has  been 
at  last  awakened,  and  though  the  necessarj'  research  may  be, 
probably  will  be,  costly,  yet  tliere  is  a  strong  and  growing  feel- 
ing that  the  money  vntst  be  forthcoming,  and  that  no  further 
time  shall  be  lost  before  commencing  the  most  thorough  in- 
vestigations into  the  causes  of  and  ascertaining  the  prevention 
and  possible  remedies  of  cancer  and  other  diseases  which  have 
till  now  baffled  the  efforts  of  medicine.  We  must  all  admire 
the  trulv  wonderful  work  done  by  the  skilful  surgeon,  but  we 
would  all  rather,  if  tliere  are  other  means  of  help,  do  without 
the  knife.  South  Africa  may  be  proud  of  the  fact  that  some 
of  the  largest  contributions  to  assist  in  carrying  out  these  re- 
searches have  been  made  by  men  who  have  spent  the  best  years 
of  their  life  in  this  country. 

Interesting  communications  were  made  during  the  past 
year  to  the  Royal  Society  by  Professor  Farmer,  Mr,  Moore,  and 
Mr.  Walker  with  regard  to  the  method  of  growth  of  cancer 
<?ell8,  and  also  by  Professor  Macfayden  concerning  the  cell 
juices  of  the  typhoid  bacillus. 

Amongst  other  subjects  worthy  of  immediate  research 
should  be  included  the  disease  of  scurvy,  which  affects  chiefly 
the  Kaffir  races,  if  it  can  be  shown,  as  some  medical  men  be- 
lieve, that  it  is  on  the  increase. 

There  is  an  extraordinary  lethargy  in  the  human  mind  as 
to  diseases  which  affect  mankind,  and  there  is  a  great  lack  of 
individual  effort  to  assist  in  their  prevention.  Once  the  cause 
of  a  disease  is  ascertained,  and  especially  in  the  case  of  a  more 
or  less  deadly  disease,  one  would  suppose  that  the  whole  com- 
munity would  combine  to  remove  the  cause,  or  to  take  measures 
to  render  it  at  least  less  frequent.     This  is,  however,  very  far 
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from  being  the  case.  Research  with  regard  to  malarial  fever, 
for  instance,  has  proved  that  it  is  transmitted  to  the  human 
being  by  the  female  mosquito  of  the  Anopheles  genus.  We 
know  her  by  sight,  we  realise  the  harm  she  is  capable  of,  and 
yet  how  little  do  we  do  to  rid  the  world  of  this  wicked  lady. 
We  know  the  four  stages  of  the  life  of  mosquitoes,  we  know 
that  they  are  easily  destroyed  in  the  larval  and  pupal  stages 
when  they  are  lying  just  beneath  the  surface  breathing  through 
a  little  upright  funnel  perfectly  visible  in  the  still  water  they 
frequent,  and  yet  how  little  effort  is  made  by  individuals  in 
this  country  to  exterminate  them  or  lessen  their  numbers.  If 
everyone  made  a  point  of  destroying  the  larvae  of  mosquitoes 
close  round  liis  house,  perhaps  in  his  back  yard,  as  well  as  the 
mosquitoes  inside  his  dwelling,  it  would  help  in  great  measure 
to  prevent  disease.  If  the  public  were  thoroughly  convinced 
of  this,  we  might  expect  more  activity  in  this  respect. 

The  great  characteristic  of  the  American  people  is  their 
common  sense.  Realising  the  danger  to  public  health  from 
the  once  prevalent  habit  of  expectoration,  they  have  taken 
measures  to  stop  it  entirely  in  all  their  great  cities,  which  are 
now  cleaner  in  this  respect  than  the  metropolis  of  Groat 
Britain.  If  von  travel  in  the  street  cars  of  New  York  or  Boston 
you  will  see  posted  up  a  notice  to  the  following  effect:  — 
**  Spitting  is  a  misdemeanour;  anyone  found  guilty  of  this 
offence  is  liable  to  a  fine  of  one  hundred  dollars,  or  imprison- 
ment, or  both."  That  may  seem  drastic  to  us,  but,  supported 
by  the  weight  of  public  opinion,  it  has  proved  absolutely  effec- 
tive, and  has  undoubtedly  tended  greatly  to  the  benefit  of  the 
general  health  of  the  community. 

Since  Pasteur  proved  that  fermentation  did  not  take  place 
in  the  absence  of  living  organisms,  scientific  investigation 
has  established  with  ever-increasing  certainty  the  germ  theory, 
both  as  regards  liealth  and  disease.  Research  has  proved  that 
what  may  be  termed  healthy  ferment  is  at  the  root  of  plant 
and  animal  life,  and  that  on  the  other  hand  the  majority  of 
human  diseases  are  due  to  the  presence  of  very  minute  living 
organisms.  Tliese  scientific  investigations  have  only  been 
iciidcred  possible  within  the  lifetime  of  most  of  those  present 
liere  to-day  by  the  greatly  increased  accuracy  and  precision  of 
tlie  instruments  devised  by  science,  in  tlio  cause  of  science. 
Before  we  had  these  ingenious  instruments  wherewith  to  mea- 
sun\  to  feel,  to  hear,  and  to  see  what  is  beyond  the  paltry 
sc(»pe  ()f  our  poor  human  senses,  the  human  intellect  was  grop- 
ing in  the  dark.  As  yet  we  are  only  on  the  fringe  of  know- 
ledge: what  we  know  represents  only  an  infinitesimal  portion 
of  what  we  may  come  to  know,  of  what  we  anticipate  we  shall 
know.  The  want  of  accuracy  has  been  the  stumbling  block  of 
science.  **  Tlie  science  of  the  Middle  Ages,"  says  Pater,  **  was 
all  divination,  clairvoyance,  unsubjected  to  our  modern  exact 
ftnnmlas,   seeking,    in    an    instant   of   vision,    to   concentrate   a 
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thousand  experiences."  Even  those  few  who  had  the  true 
scientific  mind  were  stopped  by  the  rudeness  and  inaccuracy  of 
their  instruments.  The  great  astronomical  observer,  Hippar- 
chus,  had  to  make  his  observations  by  the  unaided  eye;  he 
measured  time  by  sand  or  water  glasses.  The  great  Arab 
astronomers  a  thousand  years  ago  had  instruments,  which  they 
could  read  to  single  minutes  only ;  a  hundred  and  fifty  years 
ago  there  were  instruments  that  could  be  read  only  to  seconds. 
Portable  watches  were  invented  less  than  four  hundred  years 
ago,  and  they  are  said  to  have  varied  several  minutes  a  day. 
We  are  able  now  to  realise  that,  as  Tyndall  said,  **  The  domain 
of  the  senses  in  nature  is  almost  infinitely  small  in  comparison 
to  the  vast  region  accessible  to  thought  which  lies  beyond 
them."  It  is  the  poverty,  the  inaccuracy  of  our  senses,  that 
has  so  retarded  knowledge.  Put,  for  instance,  weights  in  each 
of  your  hands,  you  will  find  that  they  must  vary  considerably 
before  you  are  conscious  of  the  difference;  compare  this  with 
the  delicacy  of  the  modern  scales  to  be  found  in  everj^  assay 
office  in  this  town. 

We  talk  of  feeling  the  extremes  of  heat  and  cold;  can  the 
inaccuracy  of  language  go  further?  It  is  estimated  that  abso- 
lute cold  is  at  about  273  deg.  C.  below  zero,  that  the  heat  of  the 
electric  arc  is  probably  3,500  deg.  C.  above  it,  and  that  the 
heat  of  the  sun  may  approximately  be  6,000  deg.  C.  whilst 
many  of  the  stars  may  oe  very  much  hotter  than  the  sun. 
What  a  small  proportion  of  this  range  of  temperature  can  be 
appreciated  by  the  human  body.  Can  we  tell  without  looking 
at  a  thermometer  whether  the  temperature  is  at  20  deg.  or  at 
21  deg.  C?  Compare  this  with  what  science  enables  us  to  do 
now.  Professor  Langley,  Secretary  of  the  Smithsonian  Insti- 
tution at  Washington,  has  invented  in  the  Bolometer  an  instru- 
ment of  such  delicacy  that  it  will  actually  register  to  one- 
millionth  of  a  degree  centigrade. 

How  dull  is  our  sense  of  hearing  compared  with  the  instru- 
ments which  science  has  given  in  the  telephone  and  the  micro- 
phone. 

I  suppose  many  of  us  have  had  at  times  to  leave  a  dead 
animal  on  the  veld;  if  you  scan  the  heavens,  within  a  few 
minutes  you  will  see  first  one  speck  and  then  another  appear 
overhead  as  the  aasvogels  collect  from  all  directions,  where  they 
have  been,  perhaps,  quartering  the  heavens.  The  power  of 
human  vision  cannot  compare  with  such  sight  as  they  possess, 
and  yet  by  the  aid  of  instruments  we  can  now  see  beyond  com- 
narison  infinitely  further  and  more  precisely  than  they  can. 
It  is  by  the  delicacy  and  accuracy  of  mechanical  contrivances 
that  we  have  commenced  to  explore  the  regions  accessible  to 
human  thought,  but  infinitely  beyond  our  unaided  human 
senses. 

In  my  schooldays  we  were  taught  to  regard  heat  and  light 
as  two  distinct  agents;   now    we    know    that    they    are    both 
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radiations  emitted  by  hot  bodies  in  the  form  of  waves ;  not- 
withstandinpr  that  the  length  of  these  waves  is  so  small  that 
we  judge  them  by  the  micron  or  one-thousandth  of  a  milli- 
metre, still  we  can  measure  them,  and  further  by  means  of  the 
spectroscope,  an  instrument  for  studying  the  spectra  of  bodies 
on  earth  or  in  the  heavens,  which  was  first  used  in  astro- 
nomical work  some  forty  years  ago,  we  can  analyse  those  waves 
which  affect  the  optic  nerve.  If  the  wave  length  is  greater 
than  about  one  forty-four-thousandth  of  an  inch  we  are  con- 
scious of  heat,  and  not  light.  We  find  that  the  waves  that 
produce  the  sensation  of  light  range  in  length  from  about  one 
forty-four-thousandth  to  one  seventy-thousandth  of  an  inch, 
and  as  different  lengths  are  refracted  difterentlv  we  see  in  the 
spectrum  red,  vellow,  green,  blue,  and  violet  in  succession,  the 
colour  depending  on  the  wave  length.  Wave  lengths  from 
one  forty-four-thoiisandth  of  an  inch  to  one  fifty-tliousandth 
of  an  inch  give  red,  and  then,  as  tlie  wave  length  is  sliorter  and 
shorter,  we  get  yellow,  green,  blue,  and  lastly  violet.  When 
the  wave  length  is  less  than  about  one  seventy-thousandth  of 
an  inch,  there  is  no  longer  any  sensation  of  light  on  the  optic 
nerve.  What  happens  on  either  side  of  these  limits?  As  I 
stated,  when  the  wave  lengths  are  longer  than  about  one  forty- 
four-thousandth  of  an  indi  we  get  no  light,  but  we  f^ei  heat, 
and  tlie  heat  waves  are  supposed  to  vary  between  this  length 
and  one  four-hundredth  of  an  inch. 

Electric  waves  vary  probably  between  one-tenth  of  an  inch 
and  possibly  one  thousand  feet  in  length.  Ilerz  measured  his 
electric  waves  at  about  one  hundred  and  fifty  feet  in  length 
from  node  to  node,  and  the  waves  now  used  in  wireless  tele- 
urranhy  are  considerably  more.  At  tlie  other  end  of  the  scale 
beyond  the  ultra  violet,  when  the  waves  are  too  small  to  be 
visible,  which  we  find  to  be  the  case  when  the  wave  lenirths 
are  less  than  one  seventv-thousandth  or  one  eicrhtv-thousandth 
of  an  inch,  we  find  that  though  they  do  not  affect  the  optic 
nerve  there  are  still  waves,  and  that  these  affect  photographic 
plates,  and  have  various  chemical  actions:  we  are  able,  there- 
fore, now  to  ascertain  the  vibrations  and  the  lengths  of  more 
than  a  thousand  million  different  waves,  all  travelling  at  the 
same  speed  of  over  186,000  miles  per  second,  of  which  only 
about  thirty  thousand  are  visible  to  us.  Truly  this  is  an 
eloquent  tribute  to  the  accuracy  of  scientific  instruments.  Sir 
Isaac  Xewton  in  his  theory  of  gravitation  contended  that  every 
particle  of  matter  in  the  universe  attracts  every  other  particle 
with  a  force  that  diminishes  as  the  square  of  the  distance  in- 
creases. How  could  this  be  proved  or  disproved?  Many 
doubted  it.  Everyone  is  aware  of  the  force  of  gravity,  but 
manv  eminent  scientists  believed  that  this  force  resided  in  the 
earth's  centre.  The  truth  of  Newton's  theory  was  proved  by 
an  apparatus  of  such  extraordinary  delicacy  and  accuracy  that 
it  could  measure  the  attraction  of  a  globe  of  lead  about  a  foot 
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in  diameter  upon  two  small  balls  attached  each  to  one  end  of  a 
light  horizontal  rod  suspended  at  its  centre  by  a  very  fine 
thread.  Such  was  the  proved  accuracy  of  the  measurements 
made  with  this  delicate  and  extremely  sensitive  instrument, 
that  it  led  to  the  computation  of  the  density  of  the  earth, 
which  is  now  proved  to  be  five  and  a-half  times  the  density  of 
water,  and  from  this  fact,  as  we  know  that  the  density  of  the 
crust  of  the  earth  is  only  about  half  this  amount,  we  get  an 
additional  proof  of  the  fact  arrived  at  by  other  means, .  that 
near  the  centre  of  the  earth  matter  must  be  compressed  to  a 
density  far  exceeding  that  of  iron;  in  other  words,  that  the 
centre  of  the  earth  is  not  a  hollow  full  of  fire,  as  used  to  be 
believed,  but  a  solid,  more  rigid  than  steel.  Those  who  go 
down  to  the  deep  in  mines  know  well  that  the  temperature 
rises  as  we  descend.  This  rise  in  temperature  somewhat  varies 
in  difierent  localities,  but  if  we  consider  that  every  cubic  foot 
of  earth  weighs  perhaps  one  hundred  and  fifty  pounds  or  mote, 
it  is  certain  that  the  heat  some  ten  or  twenty  miles  below  the 
surface  must  be  very  great,  and  must  be  still  greater  further 
down,  but  yet  every  evidence  goes  to  prove  that  notwithstand- 
ing the  high  temperature  necessarily  caused  by  the  superin- 
cumbent mass,  the  interior  of  the  earth  is  kept  solid  by  the 
enormous  pressure. 

We  are  able  to  compute  not  only  the  density  of  the  earth, 
but  also  that  of  the  sun  and  the  other  members  of  the  solar 
system. 

We  know  that  the  density  of  the  sun  is  about  one-fourth 
that  of  the  earth,  and  about  forty  per  cent,  greater  than  that 
of  water;  that  the  density  of  Jupiter  is  only  about  one-third 
greater  than  that  of  water,  and  that  the  density  of  Saturn  is 
even  less  than  that  of  water.  Not  only  do  we  know  the 
density  of  the  planets,  but  we  know  their  size  and  mass,  and 
in  some  instances  their  period  of  rotation.  We  are  able  by  the 
accuracy  of  our  instruments  to  weigh,  to  measure,  and  to 
analyse  them.  How  have  these  results  been  obtained?  They 
have  been  arrived  at  by  years  of  work,  of  patient  and  accurate 
observation,  and  of  the  most  intricate  and  complicated  mathe- 
matical calculations.  The  weight  of  a  planet  is  arrived  at 
either  by  measuring  the  deviation  in  the  orbits  of  the  planet 
next  to  it,  caused  by  its  attraction  to  them,  from  which  the 
force  of  the  pull  can  be  determined  and  consequently  the  mass, 
or  secondly  in  the  case  of  a  planet  which  has  satellites  revolv- 
ing round  it,  astronomers  observe  the  attraction  of  the  planet 
on  its  satellites  and  so  determine  its  mass. 

It  is  estimated  that  the  human  eye  at  its  best  cannot  dis- 
tinguish more  than  5,000  or  6,000  of  the  stars  out  of  all  the 
millions  that  there  are.  Reflecting  and  refracting  telescopes 
enable  us  to  see  many  millions  of  them,  but  a  photograph  tele- 
scope with  a  specially  made  object  glass  will  reveal  on  a  photo- 
graph stars  too  faint  to  be  seen  through  any  telescope  up  to 
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hundreds  of  millions  in  number. 

Photography  is  now  in  constant  use  for  studying  the  spots 
on  the  sun,  the  comets,  and  the  nebulae.  In  connection  with 
the  study  of  the  sun-spots,  by  the  use  of  the  spectroheliograph, 
invented  by  Professor  George  Hale,  which  is  an  instrument  for 
taking  photographs  of  the  sun  by  the  light  of  a  single  ray  of 
the  spectrum,  astronomers  have  found  that  calcium  is  the  most 
noticeable  constituent  of  the  gas  eruptions  that  are  for  ever 
taking  place  on  the  photosphere  of  the  sun.  It  is  by  the 
spectroscope  that  astronomers  are  enabled  to  determine  what 
the  heavenly  bodies  are  made  of,  because  if  the  light  of  an 
incandescent  body  passes  through  a  gas  which  is  cooler  than 
that  body,  the  spectrum  from  the  solid  body  will  be  seen  crossed 
by  dark  lines  which  vary  according  to  the  nature  of  the  gas 
through  which  the  light  has  passed.  It  was  by  spectrum  analy- 
sis that  the  red  prominences  in  the  sun  were  discovered  to  be 
masses  of  glowing  hydrogen.  By  the  spectroscope  again  it  is 
possible  to  determine  whether  heavenly  bodies  are  advancing 
towards  us  or  receding  from  us,  for  an  advancing  star  gives  out 
somewhat  shorter  wave  lengths  of  light,  whereas  a  star  reced- 
ing from  us  gives  out  longer  ones.  The  position,  therefore,  of 
the  lines  in  the  spectrum  reveals  the  motion  of  the  star.  Vari- 
able stars,  that  is  to  say,  stars  whose  brilliancj^  varies  in  many 
cases  by  regular  periods,  have  been  for  many  years  the  subject 
of  careful  study.  It  is  now  ascertained  that  this  variation  is 
caused  by  the  fact  that  what  appears  to  be  one  star  as  seen 
even  by  the  most  powerful  telescope,  is  really  a  double  star, 
the  one  revolving  round  the  other.  This  has  been  discovered 
by  the  fact  that  the  spectrum  of  the  star  is  a  double  one,  the 
lines  of  one  now  covering  and  now  receding  from  the  lines  of 
the  other. 

In  the  case  of  the  variable  star  Beta  Perseior  Algol  it  was 
noticed  that  at  intervals  of  about  two  days  and  twenty-one 
hours  it  fades  awav  for  a  few  hours.  It  is  now  known  bv  means 
of  the  spectroscope  that  a  dark  planet  revolves  round  this  star 
and  partially  eclipses  it.  Surely  this  discovery  may  be  hailed 
as  a  veritable  triumph  of  science  due  to  extraordinary  accuracy 
of  observation  and  the  extreme  precision  of  scientific  instru- 
ments. Distance  makes  no  difference  to  the  spectroscope.  If 
enough  light  conies  from  the  star  to  enable  its  spectrum  to  be 
analysed,  though  that  light  may  have  l)eeu  hundreds  of  years 
on  its  way  to  us,  travelling  at  the  rate  of  over  one  hundred  and 
eighty-six  thousand  niih^s  a  second,  still  tlie  analysis  reveals  to 
us  the  constituti(m  of  the  star.  As  the  usual  units  of  measure 
would  be  quite  inadequate  to  deal  with  the  immense  distances 
in  the  solar  system,  astronomers  use  the  mean  distance  of 
the  earth  from  the  sun  as  a  unit  of  measure  for  determining 
the  distance  between  the  planets.  The  measurement  of  this 
unit  necessarily  involves  the  most  difficult  and  intricate  prob- 
lems, and  astronomers  are  not  as  yet  satisfied  with  the  results; 
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The  distance  as  computed  by  the  following  four  different 
methods,  namely,  measure  of  parallax,  by  the  velocity  of  light, 
by  the  swing  of  the  moon,  and  by  the  relations  between  the 
mass  of  the  earth  and  that  of  the  sun,  varies  between 
53,113,000  and  92,958,000  miles.  This  is  an  eloquent  testimony 
to  the  precision  and  accuracy  of  astronomers  and  their  instru- 
ments, and  perhaps  the  fact  that  astronomers  are  not  satisfied 
with  such  results  is  a  testimony  more  eloquent  still. 

I  have  dealt  with  these  instances  of  what  precision  and 
accuracy  can  and  has  been  achieved  in  astronomy,  because, 
not  only  do  they  show  that  truth  is  never  dull,  but  they  appeal 
with  such  force  to  the  imagination.  When  we  look  up  into  the 
heavens  at  the  two  bright  stars  near  the  Southern  Cross  and 
•consider  that,  as  far  as  our  knowledge  goes  at  present,  one  of 
them.  Alpha  Centauri,  is  the  nearest  to  us  of  all  the  stars  in 
the  heavens,  and  that  its  distance  from  us,  as  far  as  it  is  yet 
"determined,  is  275,000  times  that  of  the  sun  from  the  earth,  we 
appreciate  the  immensity  of  the  universe  and  the  wonders  of 
science. 

The  education  of  the  past  has  been  so  defective  in  scientific 
training  that  very  few  parents  even  to-day  can  answer  with 
accuracy  the  many  questions  propounded  by  every  curious  and 
enquiring  child.  But  now  that  we  have  attained  to  a  certain 
amount  of  exact  knowledge  as  to  the  laws  and  facts  of  nature, 
at  least  we  should  in  South  Africa  insist  that  every  child 
should  be  taught  the  simple  facts  of  science,  the  immutable 
laws  of  nature,  truthfully  and  accurately.  To  learn  is  easier 
than  to  unlearn,  and  the  untruths  that  have  been  instilled  into 
human  beings  for  many  centuries  past  have  not  only  caused 
needless  misery,  but  have  materially  retarded  the  progress  of 
t-he  human  race. 

-  At  the  northern  end  of  this  vast  African  Continent 
more  than  2,000  years  ago  Pythagoras  instructed  liia  pupils  as 
to  the  motions  of  the  earth.  Aristarchus  evolved  the  proper 
methods  of  calculating  the  distance  of  the  sun  and  of  the  moon. 
Eratosthenes  calculated  the  circumference  of  the  earth.  Hip- 
parchus  discovered  the  precession  of  the  equinoxes;  and  Hero 
invented  the  steam  turbine,  re-invented  only  lately  by  de 
Laval.  It  is  true  that  the  conclusions  of  these  great  minds 
were  not  always  accurate,  because  they  had  not  the  delicate 
and  accurate  instruments  that  have  enabled  men  of  science  of 
the  last  hundred  years  to  arrive  at  far  more  precise  results,  but 
their  methods  were  scientific,  notwithstanding. 

Let  us  hope  that,  emulating  these  sages  of  anticiuity  from 
the  time  of  Thales  to  Galen,  there  maj-  be  many  scientific 
workers  in  this  southern  part  of  this  same  great  continent 
who  may,  with  the  advantage  of  the  accuracy  and  delicacy  of 
modern  instruments,  achieve,  by  honest  record  and  truthful 
research,  results  that  may  serve  humanity  by  opening  up  fresh 
paths  of  human  activity,  always  mindful  of  the  fact  that  the 
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hifrliost  function  of  science  is  the  true  interpretation  of  nature 
and  its  laws.  Huxley  maintained  that  no  boy  or  girl  should 
leave  school  without  possessing  a  grasp  of  the  general  character 
of  science,  without  having  been  disciplined  more  or  less  in  the 
methods  of  all  science. 

**That  man,"  he  says,  "has  had  a  liberal  education  who  has 
been  so  trained  in  youth  that  his  body  is  the  ready  servant  of 
his  will,  and  does  with  ease  and  pleasure  all  the  work  that  as 
a  mechanism  it  is  capable  of.  Whose  intellect  is  a  clear,  cold 
logic  engine,  with  all  its  parts  of  equal  strength  and  in  smooth 
working  order,  ready,  like  a  steam  engine,  to  be  turned  to  any 
kind  of  work  and  spin  the  gossamers  as  well  as  forge  the 
anchors  of  the  mind;  whose  mind  is  stored  with  a  knowledge 
of  the  great  and  fundamental  truths  of  nature  and  the  laws  of 
her  operations;  one,  who,  no  stunted  ascetic,  is  full  of  life  and 
fire,  but  whose  passions  are  trained  to  come  to  heel  by  a 
vigorous  will,  the  servant  of  a  tender  conscience,  who  has 
learned  to  love  all  beauty,  whether  of  nature  or  of  art,  to  hate 
all  vileness,  and  to  respect  others  as  himself." 

This  Association  would  do  well  to  lay  stress  on  the  neces- 
sity of  having  the  men  and  women  of  to-morrow,  the  children 
of  to-day,  educated  on  such  a  basis.  Anyone  who  has  had  to 
do  with  the  training  of  youth  will  bear  evidence  to  the  natural 
tendency  of  a  child's  mind  to  inquire  into  and  even  be  fascin- 
ated by  the  study  of  flowers,  of  fish  and  animal  life,  and  of  the 
heavens.  This  inclination  has  been  too  often  in  the  past 
stunted  and  deflected  by  the  ignorance  of  their  teachers,  but 
let  us  hope  that  this  will  not,  cannot,  occur  in  the  future,  now 
that  the  work  of  the  great  scientists  of  the  past  fifty  years  is 
bearing  fruit.  How  few  people  even  yet  really  appreciate  what 
we  owe  to  those  great  minds,  and  what  a  vista  of  intellectual 
and  material  enjoyment  they  opened  up.  As  Lord  Avebury, 
in  an  essay  on  Professor  Huxley,  puts  it: — "Huxley  was  one 
of  the  foremost  of  those  who  brought  our  people  to  realise  that 
science  is  of  vital  importance  in  our  life,  that  it  is  more  fascin- 
ating than  a  fairy  tale,  more  brilliant  than  a  novel,  and  that 
anyone  who  neglects  to  follow  the  triumphant  march  of  dis- 
covery, so  startling  in  its  marvellous  and  unexpected  surprises, 
so  inspiring  in  its  moral  influence,  and  its  revelation  of  the 
beauties  and  wonders  of  the  world  in  which  we  live,  and  the 
Fniverse  of  which  we  form  an  infinitesimal  part,  is  deliber- 
ately neglecting  one  of  the  greatest  comforts  and  interests  of 
life,  one  of  the  greatest  gifts  which  we  have  been  endowed  with 
bv  Providence." 

ft  ^^ 

"  No  man,"  says  Professor  Drummond,  "  can  study  modem 
science  without  a  change  coming  over  his  views  of  truth ;  what 
impresses  him  about  nature  is  its  solidity,  he  is  standing  upon 
actual  things  among  fixed  laws." 

Every  scientist  lays  stress  on  the  necessity  of  truth.  "  The 
fundamental  characteristic,"  says  Professor  Ira  Bemsen,  "  of 
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the  scientific  method  is  honesty.  In  dealing  with  any  question 
science  asks  no  favours.  The  sole  object  is  to  learn  the  truth, 
and  to  be  guided  by  the  truth.  Absolute  accuracy,  absolute 
fidelity,  absolute  honesty  are  the  prime  conditions  of  scientific 
progress."  This  is  the  keynote  of  science.  Veracity :  that  is 
what  science  demands  of  its  followers,  whether  they  are  busied 
in  experiments  or  researches,  in  recording  minute  facts,  or  in 
generalisations  from  those  facts — absolute  truthfulness. 

It  is  self-evident  that  if  by  what  Huxley  calls  a  liberal 
education  this  habit  of  mind  of  honesty  is  engendered  in  youth, 
the  result  to  the  race  must  be  far-reaching  and  beneficial  in 
the  extreme  in  every  phase  of  human  life  and  activity.  The 
subject  of  Technical  Education  is  one  that  we  are  all 
interested  in,  and  the  vital  importance  of  a  training  in  scien- 
tific principles  to  fit  men  for  each  and  every  profession  has  been 
widely  advocated  by  statesmen,  manufacturers,  and  scientists. 
It  has  been  well  and  forcibly  supported  by  the  Press.  Its 
necessity  has  been  recognised  here  in  Johannesburg  with  the 
thorougn  practicality  that  we  always  expect  from  this  en- 
lightened community.  I  need,  therefore,  not  enlarge  on  it. 
In  the  words  of  William  Barton  Rogers,  to  whom  was  mainly 
<lue  the  origin  of  the  Massachusetts  Institution  of  Technology 
at  Boston,  **'We  believe  that  the  most  truly  practical  education 
even  in  an  industrial  point  of  view  is  one  founded  in  the 
thorough  knowledge  of  scientific  principles,  and  which  unites 
with  habits  of  close  observation  and  exact  reasoning  a  large 
and  generous  cultivation."  We  have  come  to  recognise,  too, 
^  truth,  the  importance  of  which  cannot  be  over-estimated,  the 
necessity  of  giving  to  the  professors  and  teachers  of  such  institu- 
tions ample  time  and  opportunity  for  individual  research.  I 
need  scarcely  point  out  to  an  eminently  practical  community 
like  that  of  Johannesburg  the  opportunity  they  have  of  for- 
warding their  own  interests  by  cash  contributions,  not  neces- 
sarily of  large  amounts,  and  which  could  be  limited  as  to 
period,  for  the  purpose  of  furthering  research  into  problems 
affecting  obiects  they  may  have  in  view. 

One  valuable  feature  of  the  training  in  the  Technical 
Schools  of  Boston  and  Cornell,  in  America,  and  of  Berlin  and 
Zurich,  in  Europe,  is  worthy  of  notice,  and  that  is  that  many 
of  the  lectures  are  given  by  men  in  the  full  and  regular  prac- 
tice of  their  professions.  The  student  has  the  advantage  of 
knowing  and  becoming  personally  known  to  men  thoroughly 
-cognisant  of  the  theory  and  practice  of  the  profession  he  is 
about  to  enter,  and  this  social  and  intellectual  intercourse  must 
prove  of  lasting  and  mutual  benefit.  The  man  practising  a 
profession  or  trade  is  always  on  the  look-out  for  likely  young 
men  to  assist  him,  whilst  the  professor  and  regular  teacher  is 
-ever  proud  of  placing  out  his  promising  pupils  to  the  best  ad- 
vantage. The  human  element  plays  a  large  part  in  education ; 
of  the  making  of  books  there  is  no  end,  but  often  the  truth  is 
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not  in  them.  If  there  could  be  a  comprehensive  educational 
series  "  hall-marked  "  by  some  competent  body,  guaranteeing^ 
it  as  being  accurately  truthful  in  its  statements  and  its  argu- 
ments, education  would  soon  be  in  a  more  forward  condition. 
I  sometimes  wonder  if  the  press  ever  realises  the  dominion 
it  might  possibly  have  had.  We  all  recognise  the  great  in- 
fluence it  has  now,  but  just  think  for  a  moment  how  that  in- 
fluence would  be  enhanced,  what  the  power  of  the  press  over 
every  one  of  you  would  be,  if  you  knew  that  every  statement 
that  you  read,  whether  it  were  in  books,  in  the  papers,  or  in  a 
magazine,  not  avowedly  fiction,  was  absolutely  and  accurately 
true !  The  day  of  universal  scientific  accuracy  in  e very-day 
life  is  not  yet,  but  the  time  may  come  when  the  motto,  not  of 
science  alone,  but  of  every  human  being,  shall  be  "  Humility 
and  Truth." 
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THE  METALLI^KGY  OF  THE  WITWATERSKAXD. 


By  John  R.  Williams. 
(Plates  I.  and  II.) 

I  fear  my  colleagues  in  making  their  choice  have  given 
me  an  impossible  subject  to  deal  with  this  morning—  viz.,  the 
Metallurgy  of  the  Witwatersrand.  In  the  production  of  gold 
there  is  no  competition,  and  so,  there  being  no  walls  of  China 
surrounding  the  metallurgy  of  this  country,  the  members  of 
the  many  useful  scientific  societies  on  these  fields  have  been 
only  too  willing  to  contribute  papers  on  any  new  discovery  or 
departure  from  routine  practice. 

I  find  it,  therefore,  quite  impossible  (without  reiterating 
statements  made  and  quoting  from  papers  written  by  others 
as  well  as  myself  on  this  question,  so  important  to  these  and 
other  goldfields)  to  attempt  to  do  justice  to  the  subject  indi- 
cated by  the  title  of  this  address. 

Gold  has  always  been,  and  probably  always  will  be,  the 
most  sought  after  of  all  the  metals,  on  account  of  its  intrinsic 
value  and  commercial  importance;  yet,  notwithstanding  this, 
the  winning  of  it  has,  up  to  the  last  half-century  or  so,  been 
conducted  in  the  most  primitive  fashion. 

So  far  as  our  knowledge  goes,  the  Ancients  were  limited 
to  washing  it  out  of  the  sands  or  crushed  rock,  and  refining 
the  product  by  fire.  This,  together  with  the  use  of  mercury 
in  some  form  to  assist  collection,  has  remained  for  ages  the 
extent  of  the  knowledge  of  the  subject. 

The  first  introduction  of  a  method  for  the  further  ex- 
traction of  the  precious  metal  was  that  of  dissolving  the  gold 
by  chlorine  gas  after  calcination,  which  is  still  in  use  in 
a  similar  form  to  that  when  first  adopted,  being  called  the 
Plattner  process,  after  its  discoverer,  and  occasionally  modi- 
fied by  the  substitution  of  bromine  or  iodine  solutions,  etc. 

To  within  the  last  15  years  or  so  this  represented  prac- 
tically the  only  hydro-metallurgical  method  in  use,  and, 
being  a  process  which  even  in  most  favourable  cases  entailed 
a  cost  of  over  15s.  per  ton,  its  sphere  of  usefulness  was  limited 
greatly,  and  it  was  generally  adopted  only  after  some  form  of 
concentration. 

Subsequently  a  good  deal  of    experimenting    was    made 


34  Report— 1904. 

with  a  view  of  making  use  of  the  well-known  properties  of 
cyanide  of  potassium  as  a  solvent  for  gold  whicli  had  been 
discovered  by  Prince  Bagration,  and  amongst  those  who 
worked  upon  this  may  be  mentioned  the  names  of  Janin,  Rae, 
Simpson,  etc. ;  but  it  was  left  for  MacArthur  and  Forrest  to 
first  bring  it  to  a  practical  form  and  to  demonstrate  that  it 
could  be  commercially  applied  to  the  winning  of  gold,  and  by 
them  it  was  first  introduced  on  the  Witwatersrand  Gold- 
fichls  in  1889 :  since  then  it  has  undergone  enlargement  and 
modificaticm,  until  it  stands  to-dav  in  the  position  of  being 
the  most  important  process  in  the  Metallurgy  of  Gold. 

Having  now  given  you  a  brief  description  of  the  earliest 
history  of  metallurgy,  I  will  now  take  the  modern  practice  of 
a  mine  on  the  Witwatersrand. 

The  ore  from  the  Main  Reef  series  of  tlie  Witwaters- 
rand has  been  too  much  written  about  to  need  any  lengthy 
description. 

As  is  well  known,  the  ore  is  a  pebbly  conglomerate,  and 
the  interstices  are  filled  up  with  a  cement  which  is  the  only 
mineralised  part  of  the  rock.  In  some  exceptional  cases  the 
pebbles  have  been  known  to  be  mineralised  and  even  to  con- 
sist of  pyrites,  but  these  instances  are  not  numerous.  Thia 
cement  is  mostly  siliceous  matter  and  iron  pyrites;  it  adheres 
very  strongly  to  the  pebbles,  making  it  necessary  to  pass 
everything  through  the  mill. 

The  composition  of  the  ore  is  approximately  about  3  per 
cent,  iron  pyrites  and  97  per  cent,  silica,  with  occasional 
traces  of  other  minerals. 

I  recognise  that  there  are  a  large  number  of  scientific 
gentlemen  present,  who  are  fully  conversant  broadly  with  all 
the  methods  in  use  for  the  recoverj'  of  gold,  but  at  the  same 
time  it  can  hardly  be  expected  that  all  of  them  are  familiar 
with  the  details  of  the  Metallurgy  of  Gold  as  practised  on 
these  fields.  For  those  who  are  lavmen  in  the  science  of 
metallurgy  I  think  a  very  brief  glossary  of  some  of  the  terms 
used  here  may  be  found  of  assistance. 

Mvtallurgif. — '*  The  art  of  extracting  metals  from  their 
Ores." — Pern/. 

Ore— The  terms  "Ore,''  "Quartz,''  and  "Banket"  are 
applied  to  metalliferous  matter  in  its  natural  state. 

Concc/itrati(fn. — The  name  applied  to  any  mechanical 
operation  which  separates  the  metalliferous  particles  from 
the  earth,  stone,  quartz,  etc.,  with  which  they  are  mixed. 
As  these  metalliferous  particles  carry  many  times  the 
amount  of  gold  that  was  contained  in  the  original  ore,  they 
are  called  concentrates  from  the  fact  that  the  gold  has  been 
concentrated  into  a  small  bulk. 

Tailings  or  Sands  are  the  leachable  sandy  particles  of 
crushed  rock  after  the  free  gold  has  been  extracted  by  amal- 
gamation and  the  concentrates  by  special  machinery. 
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Pulp. — By  pulp  is  meant  the  mixture  of  crushed  ore 
with  concentrates,  slimes,  and  water,  as  they  leave  the  mill 
plates. 

Slimes. — The  unleachable  clayey  portion  of  the  ore  with 
some  very  fine  sand,  which  remains  in  suspension  for  some  time 
in  water. 

Residues  are  the  tailings,  concentrates,  and  slimes  after 
the  gold  has  been  extracted  by  any  process. 

After  the  ore  has  been  hauled  from  the  mine  and  the 
necessary  hand  picking  of  waste  rock  on  revolving  tables, 
belts,  or  other  methods  performed,  it  is  taken  to  the  battery, 
which  is  also  known  as  the  quartz  mill. 

Since  the  gold  is  in  a  very  fine  state  of  division,  several 
thousand  pieces  being  sometimes  required  to  weigh  one  grain, 
it  is  necessary  to  crush  the  ore  very  fine  before  the  gold  can 
be  extracted.  Of  all  the  machinery  yet  invented,  the  stamp 
mill  must  be  acknowledged  the  best  pulveriser,  and  is  the  only 
macliine  used  on  the  Hand.  This  machine  and  the  operations 
connected  with  it  are  so  well  known  that  for  most  readers  it 
would  be  unnecessary  to  give  any  description  of  it,  but  for 
the  benefit  of  the  uninitiated  a  few  remarks  may  be  interest- 
ing. The  ore,  as  brought  from  the  mine,  after  picking  out 
as  much  as  possible  of  the  sandstone  which  carries  little  or 
no  gold,  is  passed  through  a  stone-breaker,  which  reduces  it  in 
size  so  that  it  will  pass  through  a  2-inch  mesh.  It  is  then 
by  means  of  trucks  taken  into  the  mill  and  dumped  into  the 
ore-bin  "'  A/*  which  has  an  automatic  arrangement  attached 
called  a  feeder  "  B,"  by  which  a  constant  supply  of  ore  is 
kept  in  the  mortar-box  "  C."  The  stamps  "  D/'  of  which 
there  are  usually  five  in  a  mortar,  are  lifted  by  the  cams 
"  E,''  and  then  fall  with  their  full  weight  on  the  ore.  The 
particles  which  have  been  sufficiently  reduced  in  size  are  con- 
tinually removed  through  the  screen  "  F "  by  the  aid  of 
water,  which  continually  flows  into  the  mortar-box.  Mercury 
is  from  time  to  time  added  in  the  mortar-box.  This  amalga- 
mates with  the  gold,  which  is  caught  on  the  amalgamated 
copper  plates  "  G  "  and  "  H  "  inside  and  outside  the  mortar- 
box  (see  Plate  I.). 

Great  judgment  is  required  in  the  amount  of  mercury 
used,  as  if  too  little  is  added  the  amalgam  becomes  hard  and 
brittle,  and  is  easily  carried  off  the  plates  by  the  sharp  stony 

{►articles,  whereas  if  too  much  mercury  is  used  the  mercury 
iquates  in  tears,  rolls  off  the  plates,  carrying  gold  with  it. 
The  amalgam  on  the  outside  plates  or  coppers  is  taken  off 
daily  by  the  aid  of  an  iron  scraper,  and  after  grinding  in  a 
Wedgewood  mortar  with  an  excess  of  mercury,  it  is  squeezed 
through  a  piece  of  fine  canvas  or  chamois  leather,  which 
allows  tlie  mercury  to  pass  through  its  pores,  whilst  the  gold 
is  retained  as  a  pasty  amalgam,  consisting  of  from  25  to  30 
per  cent,  of  gold,  the  remainder    being    mercury    with    some 
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impurities.  Tlie  inside  coppers  are  taken  out  weekly  or  when 
required,  and  cleaned  oft'  in  the  same  manner  as  above.  ( )nce 
a  month  the  sands  in  the  mortar-box,  which  contain  a  large 
percentage  of  the  coarser  gold,  are  taken  out  and  ground  with 
mercury.  This  amalgam  is  retorted  in  a  strong  cast-iron 
cylinder  called  a  retort,  which  is  placed  in  a  strong  fire,  the 
heat  of  which  volatilises  the  mercury;  the  mercury  vapour  is 
led  through  a  condenser,  where  it  is  caught  for  re-use  in  the 
mill.  When  the  retorting  is  finished,  the  door  is  screwed  ott\ 
and  the  now  spongy  gold  is  melted  with  a  suitable  flux  in  a 
plumbago  crucible,  and  cast  into  bars  or  ingots,  which 
usually  contain  from  80  to  90  per  cent,  of  gold,  the  dift'erence 
being  principally  silver,  which  is  nearly  always  associated 
with  native  gold.  By  the  stamp  mill  five  tons  of  hard  rock 
per  stamp  per  day  can  be  crushed  so  as  to  pass  through  a 
mesh  having  700  holes  to  the  square  inch,  at  a  cost  of  3s.  per 
ton  including  maintenance.  The  amount  crushed  depends 
upon  the  hardness  of  the  ore,  the  number  of  holes  to  the  inch 
in  mesh,  the  weight  of  the  stamps,  and  the  height  of  the 
drop. 

There  are  four  methods  at  present  by  which  the  pyritic 
pulp  may -be  treated,  viz.: — (1)  Concentration;  (2)  Concen- 
tration and  treatment  of  tailings  by  cyanide;  (3)  Direct 
treatment  by  cyanide;  and  (4)  Classification  and  treatment 
of  the  various  products  according  to  the  time  required  by  the 
cyanide  to  dissolve  the  gold. 

Concentration. — As  most  of  the  leading  metallurgists  on 
the  Rand  are  of  opinion  that  the  fine  concentration  and 
chlorination  of  Rand  ores  is  usually  an  unnecessary  process 
owing  to  the  cheap  solvent  for  gold  possessed  in  cyanide  of 
potassium,  it  will  be  sufficient  to  say  that  it  has  for  its  object 
the  removal  of  metalliferous  particles  from  the  matrix  of 
quartzite  by  the  use  of  special  concentrating  machinery,  and 
if  it  were  possible  to  do  this  effectively  it  would  certainly  be 
the  right  procedure  to  adopt,  but  as  rarely  more  than  40  per 
cent,  of  the  gold  is  extracted  by  this  method,  and  in  many 
cases  not  more  than  40  per  cent,  of  this  results  in  a  profit,  it 
has  generally  been  discarded  in  favour  of  the  more  profitable 
treatment  by  cyanide  subsequently  described. 

Recovery  of  Gold  from  Concentrates. -There  are  two 
processes  used  to  extract  gold  from  concentrates,  which  vary 
m  value  from  3  ozs.  to  20  ozs.  per  ton: — (1)  Chlorination; 
(2)  Cyaniding.  The  average  of  Rand  concentrates  is  from 
4  ozs.  to  5  ozs. 

Chlorination. — This  process  was  first  introduced  by  Pro- 
fessor Plattner,  of  Freiberg,  Saxony,  and  is  acknowledged  to 
he  the  most  perfect  method  for  extracting  gold,  as,  unlike 
the  cyanide  process,  it  is  applicable  to  practically  all  classes 
of  ores.  The  process  is  based  on  the  fact  that  when  chlorine 
gas  is  brought  into  contact  with  gold-bearing  substances,  the 
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gold  is  converted  into  a  soluble  chloride  of  gold,  which  is  easily 
dissolved  in  cold  water,  from  which  it  can  be  precipitated  by 
either  sulphate  of  iron  yielding  metallic  gold  or  by  sulphuretted 
hydrogen  yielding  sulphide  of  gold.  These  precipitates  are 
then  dried  and  melted  with  a  suitable  flux  to  obtain  nearly 
pure  gold. 

The  conditions  necessary  for  the  economic  working  of  the 
process  are :  (1)  The  gold  must  be  in  a  metallic  state  and 
finely  divided;  (2)  there  must  be  no  other  substance  in  the 
ore  which  will  unite  with  chlorine,  as  this  would  cause  waste 
of  the  gas;  (3)  there  must  be  no  substance  present  which  will 
prematurely  precipitate  the  gold  before  the  solutions  are 
drawn  off.  As  the  material  subjected  to  chlorination  is 
usually  concentrates,  which  only  require  roasting  to  convert 
the  base  metals  into  oxides  (so  as  not  to  unite  with  chlorine) 
and  prepare  the  gold  in  a  suitable  condition  for  chlorination, 
they  present  no  difficulty,  and  an  extraction  of  97  to  99  per 
cent,  is  easily  obtained. 

The  concentrates  are  first  dried  by  the  waste  heat  of  the 
furnace,  after  which  they  are  introduced  into  a  reverberatory 
furnace,  where  they  are  calcined  so  as  to  expel  absolutely  all 
the  sulphur,  converting  all  the  sulphides  into  oxides.  The  charge 
is  then  withdrawn  from  the  furnace  and  thrown  on  what  is 
known  as  a  damping  floor,  where  it  is  carefully  damped. 
Usually  5  per  cent,  of  water  is  added,  which  will  render  it 
so  that  on  handling  no  dust  is  formed,  and  a  handful  pressed 
will  form  a  lump  without  moistening  the  hand.  The  object 
of  this  (lamping  is,  firstly,  to  render  the  charge  light  so  that  it 
does  not  pack  in  the  tank,  secondly,  chlorine  gas  in  the  dry  state 
does  not  dissolve  gold,  and  it  is  therefore  necessary  to  be  very 
careful  in  damping  the  calcined  or  roasted  ore.  This  is  now 
transferred  to  the  tank  "  A  "  (see  PI.  II.),  having  a  perforated 
false  bottom,  which  is  in  fact  a  carefully  perforated  filter, 
"  B."  A  lid  "  C  "  having  a  water  joint  "  D ''  is  put  on,  and 
chlorine  gas  is  forced  bv  pressure  from  the  generator  through 
tlie  leaden  pipe  *'  E."  The  gas  diffuses  through  the  ore,  and 
when  the  charge  is  saturated  (which  can  be  ascertained  by 
its  appearance  at  the  top  of  the  tank)  it  is  turned  off  and 
the  charge  allowed  to  stand  according  to  the  time  required — 
18  to  24  hours  being  usually  sufficient.  The  cover  "  C  "  is 
now  removed,  and  sufficient  water  added  to  thoroughly  satu- 
rate the  charge,  which  after  standing  for  some  time  is  drawn 
off  through  the  cock  **  F  "  at  the  bottom  and  run  into  the 
precipitating  vat  or  tank  "  G.'*  Sufficient  water  is  further 
added  to  the  charge  to  wash  out  all  the  soluble  gold 
chloride :  these  washes  are  added  to  the  other  in  the 
vat  "  G.'*  The  gold  chloride  in  solution  is  precipitated 
])y  tlie  addition  of  sulphate  of  iron  (green  vitriol). 
Wlien  the  gold  precipitate  is  quite  settled,  the  solution 
is     drawn    off     through     a     series     of     cocks     at     the     side. 
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and  the  precipitate  carefully  filtered,  dried,  and  melted  with 
a  suitable  flux,  and  cast  into  bars  or  ingots.  This  gold  is 
about  970  fine,  which  means  that  970  parts  per  1,000  are  pure 
gold.  This  process  from  a  scientific  view  is  as  perfect  as  it 
is  possible  for  any  metallurgical  process  to  be,  for  96  to  99 
per  cent,  of  the  gold  contents  of  the  concentrates  can  be  ex- 
tracted by  it ;  but  from  a  commercial  point  of  view,  owing  to 
the  large  amount  of  chemicals  required,  which  have  to  be 
imported  from  Europe,  and  the  high  cost  of  fuel,  it  has,  in 
many  cases,  had  to  give  way  to  the  cheaper,  althougli  less 
perfect,  cyanide  process. 

Having  briefly  touched  upon  the  preliminary  gold  extrac- 
tion processes,  I  shall  now  deal  with  the  cyanide  process,  which, 
with  the  exception  of  the  stamp  mill,  may  be  justly  said  to 
be  the  only  metallurgical  operation  on  these  fields.  This  we 
learn  from  the  Chamber  of  Mines'  returns,  which  show  that 
whereas  64.20  per  cent,  was  extracted  by  the  mill,  and  35.16 
per  cent,  by  the  cyanide  process,  only  0.64  per  cent,  was 
extracted  by  the  chlorination  process. 

The  pulp  after  leaving  the  plates  is  led  by  a  launder  to 
the  tailings  wheel,  which  elevates  it  to  another  series  of 
launders,  and  these  convey  it  first  over  a  set  of  spitzliitten, 
where  the  separation  of  about  10  to  15  per  cent,  of  a  rough 
concentrate  takes  place,  including  all  the  coarser  particles  of 
sand  and  pyrites,  to  which  it  has  been  found  advisable  to  give  a 
prolonged  treatment  by  cyanide. 

From  these  the  pulp  flows  on  to  a  series  of  spitzkasten, 
where  the  separation  of  the  bulk  of  the  slimes  is  eft^ected ; 
these  slimes  flow  over  to  another  series  of  spitzkasten,  where 
the  bulk  of  the  water  is  separated,  and  flows  away  practically 
as  clean  water  to  the  return  water  dam. 

That  portion  effluent  from  the  lower  discharge  pipe  of  the 
sands  spitzkasten  is  led  by  a  hose  into  the  sands  collecting 
tanks,  and  some  care  has  to  be  exercised  here  in  the  filling 
of  the  tanks,  as  the  object  is  to  eliminate  as  much  of  the 
water-borne  slimes  as  possible,  so  as  to  obtain  as  leadiable  a 
product  as  possible.  The  tanks  are  fitted  with  slat 
gates,  which  have  a  roller  blind  of  canvas;  this  serves  to  make 
a  good  joint  of  the  various  slats  and  also  helps  to  regulate 
the  height  of  the  overflow.  The  effluent  from  these  gates 
flows  away  by  launders  over  the  return  spitzkasten  in  order 
to  save  any  sands  which  may  have  escaped  from  the  tanks: 
these  then  go  back  to  the  tailings  wheel,  while  the  effluent 
overflows  and  joins  the  rest  of  the  slimes  pulp  going  to  the 
slimes  works. 

The  filling  of  the  sands  tanks  is  quite  an  important 
operation,  as  it  is  necessary  to  obtain  clean  leachable  sands  if 
the  subsequent   operations  are   to  be  of  the   most   satisfactory 

'  In  order  to  obtain  this  desired  separation  of  the  slimes, 
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the  gates  have  to  he  regulated  very  nicely,  and  as  in  spite  of 
all  care  (the  slimes  having  so  great  a  tendency  to  settle  in  the 
already  lime-hardened  mill  water  and  requiring  to  be  con- 
stantly stirred  up)  some  sands'  will  necessarily  pass  out  of  the 
tanks.  Attention  to  this  detail  is  important,  for  if  the  sands 
are  in  excess  and  beyond  the  capacity  of  the  return  spitz- 
kasten,  a  great  deal  of  annoyance  may  be  caused  by  blockages 
of  the  pipes  and  sands  sent  down  to  the  slimes  works,  causing 
extra  wear  on  the  sludge  pumps,  besides  aflPecting  the  results 
obtained  there.  On  the  other  hand,  if  the  gates  are  kept  too 
high  and  the  slimes  not  sufficiently  stirred  up  they  will  settle 
in  layers;  this  is  to  be  avoided,  as  the  mass  does  not  get  suffi- 
ciently broken  up  in  lowering,  and  though  perhaps  not  inter- 
fering with  the  rate  of  leaching,  these  slime  lumps  which  have 
been  formed  in  the  settlement  do  not  get  properly  treated 
owing  to  their  impermeability,  and  the  gold  which  should  have 
been  obtained  from  them  is  sent  to  the  dump. 

There  is  nothing  of  any  particular  importance  to  be  said 
concerning  the  concentrating  spitzlutten;  their  construction 
is  well  known,  and  they  can  be  easily  controlled  to  give  any 
desired  degree  of  concentration,  if  such  a  term  can  be  used 
ever,  rather  apt  to  give  some  trouble  through  the  wearing  of 
ever,  rather  apt  to  give  some  trouble  through  the  wearing  of 
the  sharp  sands  on  any  metal,  and  for  this  reason  it  has  been 
found  advisable  not  to  regulate  them  with  a  valve.  There 
are  many  substitutes,  however,  and  the  usual  way  is  either 
to  use  a  nozzle  with  the  exact  opening  renuired,  which  has 
to  be  renewed  frequently,  or  insert  a  wooden  plug  with  a 
hole  bored  through  it. 

The  collection  of  these  concentrates  requires  no  further 
attention  than  occasionally  shifting  the  launder  leading  to 
the  tank  so  as  to  distribute  them  with  some  evenness  through- 
out the  tank;  for  the  rest,  there  are  no  slimes  to  clog  the 
leaching,  and  the  treatment  being  lengthy  the  same  care  is 
not  needed  as  in  the  case  of  the  sands. 

In  regard  to  the  treatment  of  these  concentrates,  the  only 
difference  between  this  and  that  required  for  sands  is  one 
of  time,  and  the  amount  of  solution  used,  which  is  a  matter 
of  experience  entirely,  and  probably  no  two  works  will  give 
exactly  the  same  treatment.  If  not  too  well  known  already,  a 
rough  outline  may  be  given  of  the  usual  practice  on  the 
Rand. 

Generally  speaking,  where  double  treatment  is  used  it  is 
usual  to  first  pump  on  about  20  per  cent,  of  the  weight  of 
the  charge  (which  is  usually  400  tons),  that  is,  80  tons  of  weak 
solution;  this  serves  the  double  purpose  of  taking  up  most  of 
the  cyanicides  present,  and  of  forming  a  buffer  between  the 
strong  solution  to  follow  and  the  water  held  in  the  sand  after 
draining;  bv  this  means  the  dilution  by  capillary  attraction, 
etc.,  is  partly  avoided. 


40  Eeport— 1904. 

This  solution  is  partly  drained  to  waste  to  avoid  an  excess 
stock  of  solution  in  the  sumps,  care  being  taken  in  discrim- 
inating when  this  solution  should  be  taken  into  the  general 
stock,  as  containing  sufficient  gold.  With  precipitation  up 
to  its  present  standard,  it  is  now  the  practice  to  send  none  of 
this  to  waste,  but  to  retain  it,  if  necessary  in  a  separate 
sump,  and  to  substitute  it  for  the  old  customary  water  wash 
at  the  end  of  the  treatment. 

When  all  this  solution  is  drained  off  as  dry  as  possible 
about  the  same  quantity  of  strong  (0.3  per  cent.)  is  pumped 
on,  and  also  allowed  to  drain  off;  a  vacuum  pump  being  em- 
ployed to  assist  this  leaching  in  the  upper  tanks,  as  there  the 
sand  is  packed  rather  hard,  and  a  little  such  assistance  is 
beneficial.  After  this  the  charge  is  ready  for  lowering.  Of 
course,  in  the  case  of  concentrates  the  treatment  is  more 
lengthy,  as  almost  half  the  total  treatment  is  performed  in 
the  upper  set  of  tanks,  whereas  in  a  plant  where  it  is  not 
considered  advisable  to  adopt  double  treatment  this  part  of 
the  operation  is  carried  out  in  the  lower  tanks. 

After  lowering,  another  80  tons  of  strong  solution  is 
pumped  on,  which  after  standing  for  a  time  is  drained  off;  this 
is  followed  by  a  similar  quantity  of  a  solution  of  medium 
strength  (about  0.25  per  cent.) ;  after  this  as  much  weak  solution 
is  put  on  as  time  will  allow,  and  if  the  stock  of  solution  in  the 
sumps  permits,  a  small  water  wash  finishes  the  operation. 

The  total  amount  of  solution  used  is  about  ton  for  ton 
of  sands  treated,  and  for  concentrates  about  3  tons  of  solu- 
tion per  ton  treated,  but  as  in  general  practice  it  is  found  that 
the  longer  the  treatment  the  higher  will  be  the  extraction 
(within  certain  limits,  of  course),  it  is  the  aim  of  every 
Cyanide  Manager  to  give  each  charge  all  the  treatment  that 
is  possible  with  the  plant  at  his  command. 

A  very  important  item  in  treatment  is  the  thorough 
draining  off  of  each  solution  before  adding  another,  the  bene- 
fit of  which  is  most  marked,  being  probably  due  to  the  con- 
tact of  air  drawn  in  for  one  thing,  and  also  because  it  is  a 
better  principle  in  the  after  washing.  It  certainly  takes  up 
some  of  the  time  for  treatment,  but  the  gain  is  far  greater 
than  by  putting  on  more  solution  in  the  same  time. 

The  rate  of  draining  off  the  solution  is  regulated  by  the 
capacity  of  the  precipitation  boxes,  which  are  usually  such  as 
to  allow  of  a  maximum  of  5  tons  an  hour  from  each  tank. 

The  solutions  are  classified  in  draining  through  the  pre- 
cipitation boxes,  and  tests  are  taken  frequently  to  ascertain 
the  percentage  of  cyanide  contained.  To  illustrate  this 
classification,  the  actual  practice  on  one  plant  is  to  send  all 
above  0.2  per  cent,  to  the  strong  storage  sump;  that  under 
this,  but  above  0.1  per  cent.,  goes  to  the  medium  sump,  while 
all  the  solution  under  0.1  per  cent,  is  either  sent  to  the 
weak,  or  divided  further    between    the    so-called    weak    and 
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waste  sumps.  These  figures  are  not  at  all  arbitrary,  as  the 
practice  will  differ  on  the  various  plants  and  according  to 
the  nature  of  the  sands  treated;  they  are  merely  given  to 
show  the  method,  for  actual  experience  alone  will  determine 
the  most  advantageous  system. 

The  method  of  precipitation  of  gold  from  leachings  of 
sands  and  concentrates  may  be  taken  as  being  well  known,  as 
it  consists  of  simply  bringing  the  solution  into  contact  with 
zinc  in  the  form  of  shavings,  this  form  being  adopted  for  the 
purpose  of  exposing  as  large  as  possible  a  surface  of  the  zinc 
to  the  action  of  the  solution,  which  by  an  exchange  takes  up 
the  zinc  in  solution  and  deposits  the  gold  in  its  place.  There 
are  a  few  points,  however,  which  might  with  advantage  be 
touched  upon,  as  they  are  all  factors  of  some  importance  in  the 
complete  success  of  the  operations. 

Unsatisfactory  precipitation  is  attributable  to  two  causes  : 

(1)  The  presence  of  soluble  sulphides  in  the  solutions,  which 
may  be  due  either  to  the  impurities  in  the  cyanide  used  or  to  the 
decomposition  of  the  pyrites  in  the  rock.  This  is  counter- 
acted by  the  usual  practice  of  continuously  dripping  in  a 
solution  of  lead  acetate,  which  besides  taking  up  the  sulphides 
puts  a  coating  of  metallic  lead  on  the  zinc;  this  acts  as  a 
voltaic  couple,  and  so  materially  assists  the  deposition  of  the 
gold  in  some  instances. 

(2)  Excess  of  alkalinity,  which  may  be  either  lime  or 
caustic  soda.  In  reduction  works,  where  there  is  a  slimea 
plant,  caustic  soda  is  rarely  used,  as  it  militates  against  the 
settlement  of  the  slimes.  In  other  plants  it  is  sometimes 
used,  but  if  used  to  excess  the  precipitation  will  suffer.  In 
regard  to  lime,  the  addition  of  slimes  plants  has  created  a 
necessity  for  its  use  in  large  quantities,  and  by  some  mischance 
it  may  happen  that  the  sands  and  concentrates  get  too  large  a 
proportion;  but  as  this  subject  is  discussed  later  when  dealing 
with  slimes,  no  more  need  be  said  at  present.  The  detri- 
mental action  in  this  case  is  to  form  a  protective  coating 
on  the  zinc,  which  then  ceases  to  be  active,  and  hence 
requires  treatment  with  acid.  This  trouble  will  of 
course  rectify  itself  in  time  if  the  cause  (i.e.,  the 
lime  feed)  be  removed,  but  it  may  be  more  expeditiously 
reniedied  bv  the  addition  of  acid  to  the  sumps;  however, 
stress  should  be  laid  on  the  fact  that  the  operation  requires 
a  great  amount  of  care,  and  should  only  be  undertaken  in 
cases  of  actual  necessitv. 

The  presence  of  organic  matter  will  also  cause  trouble 
with  precipitation.  A  certain  amount  of  this  will  always  be 
found,  mainly  due  to  the  fact  that  the  water  supply  is  prac- 
tically all  surface  drainage,  and  also  in  the  mines  there  is 
frequentlv  a  cleaning  up  of  an  old  stope  or  a  sump,  which  is 
sent   to  the  mill,   and    is   alwavs  the  cause   of  at   least  some 
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It  is,  of  course,  assumed  that  all  the  solutions  contain 
some  free  cyanide,  which  is  necessary  for  precipitation. 
There  is  an  exception  in  the  case  of  the  first  solution  drain- 
ing off  the  tanks,  but  this  is  either  mixed  with  other  weak 
ones  and  so  rectified,  or  else  it  may  be  treated  separately  by 
other  well-known  methods,  which  are  noticed  later. 

Slimes. — Before  proceeding  to  give  details  of  the  present- 
day  method  of  treating  slimes,  it  may  be  well  to  note  that 
there  are  many  advantages  accruing  from  tlie  treatment  of 
slimes  beyond  their  conversion  from  a  waste  product  to  a 
source  of  profit.  These  may  be  termed  the  indirect  advan- 
tages on  account  of  their  being  absent  from  the  profit  accounts 
of  the  mine,  and  in  consequence  are  therefore  apt  to  be  over- 
looked. 

A  good  deal  might  be  written  on  the  subject,  but  for  the 
purpose  of  this  necessarilj^  curtailed  paper  it  will  be  sufficient 
to  summarise  as  follows  :  — 

1.  A  great  saving  of  water  is  effected,  as  by  the  use  of 
lime  the  water  can  be  at  once  returned  to  the  mill,  whereas  for- 
merly the  slimes  had  to  be  settled  in  large  dams,  thus  affording 
an  enormous  area  for  evaporation.  Tliis  saving  in  water 
amounts  to  not  less  than  40  per  cent.,  a  number  actually  com- 
puted from  figures  kept  specially  for  this  purpose  :  this  is  of 
the  greatest  importance  in  a  district  like  tlie  Ktuid,  wh(»re  the 
supply  is  limited. 

2.  The  alkaline  water  returned  to  the  mill  lias  been  proved 
to  increase  the  percentage  of  gold  caught  by  amalgamation 
by  as  much  as  from  5  to  8  per  cent.,  and  it  sliould  be  borne 
in  mind  in  referring  to  this  that  every  ounce  caught  in  the 
mill  is  100  per  cent.,  wliereas  if  it  leaves  the  mill  in  the 
tailings  an  extraction  of  80  per  cent,  is  considered  satisfac- 
tory • 

3.  The  cost  of  building  dams  to  hold  the  untreated  slimes 
has  disappeared  from  the  mill  expenses,  to  wliich  it  was 
formerly  charged,  being  now  included  in  tlie  cost  of  slimes 
treatment. 

4.  The  sands  and  spitzkasten  concentrates  l)eing  in  an 
alkaline  state  need  no  preparatory  washes,  thus  there  is  more 
time  for  leaching  in  the  same  plant:  this  is  naturally  accom- 
panied by  a  saving  of  cyanide  and  an  increase  in  gold 
extraction. 

o.  There  is  a  larger  percentage  of  actual  sands  caught 
in  the  leaching  plant,  and  in  addition  a  more  leachable  pro- 
duct is  obtained;  this  is  due  to  the  fact  that  the  presence 
of  sands  is  detrimental  to  slimes  treatment,  and  while  it  may 
have  been  run  off  into  a  dam  unnoticed,  it  is  not  so  in  a  slimes 
plant.  whei*e  steps  are  at  once  taken  to  rectify  it. 

The  foregoing  will  be  better  appreciated  when  it  is 
stated  that  whereas  in  some  cases  the  direct  profits  from  a 
slimes  plant  have  only  figured  as  a  matter  of,  say,  £100  per 
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month,  the  indirect  profits  have  been  computed  to  run  into 
some  four  to  seven  times  this  amount. 

In  the  treatment  of  slimes  the  first  thing  to  be  considered 
is  the  proper  separation  of  the  slimes  from  the  leachable 
sands.  With  a  slimes  plant  in  operation  it  is  no  longer 
necessary  or  advisable  to  try  to  obtain  a  higher  percentage 
of  the  pulp  leaving  the  mill  in  the  collecting  tanks,  as  with 
the  more  perfect  elimination  of  the  non-leachable  slimes, 
much  higher  extraction  results  can  be  obtained.  It  is  there- 
fore now  the  practice  to  reverse  this,  and  only  stop  short  of 
getting  sands  into  the  slimes  plant;  to  this  end  the  slat  gates 
are  kept  very  low,  and  the  hose  filling  pipes  are  opened  out 
to  obtain  a  force  to  wash  out  slimes  that  would  otherwise 
settle  in  the  collecting  tanks.  From  this  it  follows  that  the 
return  spitzkasten  is  run  up  to  its  full  capacity,  and  in  some 
cases  it  has  been  found  advisable  to  increase  their  extent. 

The  settlement  of  the  slimes  is  effected  by  adding  lime 
to  the  pulp  leaving  the  mill.  It  is  not  intended  here  to  enter 
into  any  theory  to  account  for  this  phenomenon,  and  I  shall 
content  myself  with  the  mere  statement  that  the  slimes  will 
settle  in  any  water  that  has  a  certain  degree  of  hardness, 
whether  it  be  caused  by  acidity  or  alkalinity. 

There  are  three  means  adopted  of  rendering  the  mill 
water  hard  by  the  addition  of  lime,  which  are  as  follows:  — 

1.  Adding  it  to  the  rock  before  crushing. 

2.  Adding  it  to  the  launder  leaving  the  mill  by  means 
of  an  automatic  mechanical  feed. 

3.  Adding  it  in  the  form  of  milk  of  lime  to  the  launder. 
This  addition  of  lime  is  quite  an    important    matter,    as 

will  be  seen,  and  there  is  a  good  deal  to  be  said  in  favour  of 
each  method.  The  first  is  certainly  the  simplest,  as  it  usually 
takes  the  form  of  adding  the  necessary  amount  to  each  truck 
^oing  to  the  mill,  or  periodically  adding  a  certain  quantity 
to  the  chutes  above  the  feeders  in  the  mill.  The  drawbacks 
to  this  method  are  in  the  first  place  that  the  mill  manager  in 
some  cases  objects  to  it  on  the  debateable  ground  that  it 
affects  the  mill  plates,  and  in  consequence  the  percentage  ob- 
tained by  amalgamation,  against  which,  however,  we  have  the 
authority  of  others  that  it  is  beneficial.  Beyond  this,  how- 
over,  if  the  acidity  of  the  rock  being  milled  varies  very 
much,  as  is  frequently  the  case,  the  regulation  of  the  amount 
to  be  added  becomes  rather  difficult  and  auxiliary  feeds  be- 
come necessary. 

For  the  second  method,  using  an  automatic  feed,  which 
is  the  one  more  generally  adopted,  many  contrivances  have  been 
used  which  are  far  too  numerous  to  mention,  the  purpose  of  each 
being  the  same — viz..  to  deliver  a  continuous  stream  of  finely- 
firround  lime  into  the  launder,  a  minimum  of  attention 
being  required. 

The  quantity  of  lime  to  be  added  will  vary  according  to 
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the  standard  necessary  to  maintain  to  ensure  settlement* 
which  is  usually  about  0.01  per  cent,  of  alkali,  as  expressed 
in  terms  of  caustic  soda  for  mill-water,  and  about  double  this 
for  the  solutions.  The  variation  of  the  standards  on  the 
different  mines  is  due  to  either  the  nature  of  the  slimes  them- 
selves or  the  varying  settling  capacity  of  the  plants,  or  both. 
On  one  mine  the  slimes  will  settle  in  the  ordinary  water, 
the  probable  cause  being  the  mine  water,  which  is  very  acid, 
and  that  they  are  already  in  a  coagulated  condition,  and  so 
settle  readily;  while  on  another  mine  where  the  settling  capa- 
city is  limited  it  is  necessary  to  maintain  the  mill  water  at  a 
very  high  point  of  alkalinity.  From  this  it  will  be  seen  that 
no  rule  can  really  be  laid  down  in  the  matter. 

Tests  are  made  at  frequent  intervals  of  the  alkalinity  of 
both  the  water  and  the  solution,  to  prevent  loss  of  time,  etc., 
through  non-settlement. 

In  filling  the  collecting  tanks  the  slime  pulp  is  in  some 
cases  passed  over  a  spitzkasten  to  eliminate  the  major  portion 
of  the  water^  but  in  others  it  is  led  direct  to  the  collecting 
tanks,  which  in  this  case  are  fitted  with  overflow  rims  and 
launders  round  the  top  of  the  tanks;  these  are  connected  with 
piping,  which  conveys  the  clear  water  to  either  the  dam  or 
the  pump  direct.  The  launders  conveying  the  pulp  to  the 
collecting  tanks  usually  terminate  in  a  vertical  chute  in  the 
centre  of  the  tank,  the  end  being  two  or  three  inches  below 
the  level  of  the  overflow;  this  is  found  to  give  the  best  re- 
sults in  preventing  the  slimes  from  overflowing  with  the  water 
towards  the  end  of  the  filling  of  the  charge,  as  it  causes  a 
minimum  of  disturbance. 

When  the  tank  has  received  its  charge  (usually  a  quarter 
of  its  depth)  the  pulp  stream  is  turned  into  another 
tank  and  the  full  one  allowed  to  settle,  when  the  water 
is  decanted  off,  and  the  charge  is  ready  for  treatment.  Here 
it  may  be  well  to  mention  that  the  last  stage  of  settlement 
is  marked  by  a  peculiar  appearance  on  the  surface  of  the 
settled  slimes,  as  of  a  series  of  small  eruptions,  which  act  as 
a  guide  in  determining  when  it  is  ready  for  further  operations. 

The  operations  incurred  in  slimes  treatment  consist  of 
first  getting  the  gold  into  solution,  and  subsequently  washing 
the  solution  out  of  tlie  slimes.  The«e  are  effected  by  a  series 
of  transfers,  the  number  of  which  is  determined  by  the 
richness  of  the  material  treated.  For  all  ordinary  cases 
where  tlie  slimes  assay  under  ^'5  dwts.  per  ton,  two  transfers  be- 
fore sendincr  away  as  residues  are  sufficient  to  give  an  extrac- 
tion of,  say,  75  per  cent,  from  ordinary  clean  current  slimes: 
if  tlie  value  be  above  this,  it  may  be  found  advisable  and  pay- 
able to  give  a  third  treatment. 

The  operation  of  transferring  is  carried  out  in  the  follow- 
ing manner :-  - 

A  hose  with  nozzle  is  attached  to  the  solution  service,  and 
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the  nozzle  end  is  placed  in  the  discharge  hole  in  the  bottom 
of  the  tank,  the  suction  of  the  solution  pump  is  opened  to 
take  solution  from  wherever  desired,  and  the  pump  started; 
at  the  same  time  the  discharge  service  is  opened  up  into  the 
sludge  pump,  the  delivery  of  which  is  opened  on  to  that  particu- 
lar tank  to  which  it  is  desired  to  transfer.  The  primary  object 
in  putting  the  nozzle  right  in  the  hole  is  to  thin  down  the 
sludge  so  as  not  to  block  up  the  pipes,  and  the  solution 
should  be  started  so  as  to  avoid  a  rush  of  the  sludge  into 
the  discharge  pipe;  all  the  connections  are  made  so  as  to 
allow  of  the  two  pumps  to  take  solution  or  sludge  from 
wherever  desired,  and  in  the  case  of  the  solution,  it  may  be 
either  taken  from  the  sumps  or  from  any  of  the  tanks  that 
have  been  settled,  if  it  is  part  of  the  treatment.  There  is  no 
particular  difficulty  in  this  operation,  though  it  is  rather 
difficult  to  make  the  matter  clear  in  writing.  Sometimes 
there  is  a  little  difficultv  in  getting  it  started  if  there  has  been 
any  carelessness  beforehand,  and  the  pipes  are  at  all  blocked 
with  sludge  from  a  previous  operation,  or  if  the  valve  has  not 
been  properly  closed,  but  this  is  remedied  by  an  arrangement 
by  which  it  is  possible  to  pump  solution  through  the  sludge 
pump  and  up  the  discharge  pipe.  Once  started,  and  the  solu- 
tion regulated,  which  is  purely  a  matter  of  experience,  the 
operation  will  go  on  with  very  little  attention  until  nearly 
the  whole  of  the  tank  is  transferred,  then  the  hose  is  lifted, 
and  the  balance  can  be  washed  down  clean  by  the  force  of  the 
jet  issuing  from  the  nozzle.  When  this  is  completed  the  suc- 
tion of  the  sludge  pump  is  closed  oft'  from  that  tank  and 
opened  on  to  the  tank  to  which  the  charge  has  been  trans- 
ferred, by  which  means  it  is  circulated  by  being  drawn  oft*  at 
the  bottom  and  delivered  in  again  at  the  top.  This  circulation 
is  kept  up  for  as  long  as  may  be  convenient  or  necessary 
according  to  the  requirements  of  the  treatment,  generally 
about  two  hours. 

The  primary  object  in  this  operation  is  to  get  the  slimes 
into  contact  with  as  much  solution  as  possible,  whether  it  be 
performed  with  the  object  of  dissolving  the  gold  or  washing 
it  out;  for  this  reason  it  is  found  advisable  to  pump  a  quan- 
tity of  solution  into  the  tank  to  which  transfer  is  to  be  made 
beiore  pumping  in  any  sludge.  If  circumstances  warrant  it, 
the  whole  of  the  solution  can  be  first  put  in  and  drawn  oft* 
through  the  decanter  service  for  use  through  the  solution 
pump  to  the  hose  in  transferring  a  charge.  In  any  case  this 
should  generally  have  to  be  done  towards  the  finish  of  the 
transfer,  so  as  to  have  the  sludge  thinned  down  as  far  as  pos- 
sible by  using  as  much  solution  in  ratio  to  settled  slimes  as 
possible. 

Ordinarily  the  solution  contains  sufficient  oxygen  to  per- 
form its  part  in  the  dissolving  of  gold  during  its  passage 
through  the  pump  and  subsequent    circulation,    but    as    the 
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sludge  is  generally  well  charged  with  sulphides,  organic  mat- 
ter, or  other  compounds  that  require  oxidation,  it  has  been 
found  advisable  to  use  additional  air  in  the  pumps.  Caldecott 
used  perforated  pipes  in  the  tanks  for  this  purpose,  which 
Durant  improved  by  using  a  snifter  valve,  bringing  it  into 
operation  by  partially  closing  a  valve  on  the  suction  pipe,  but 
this  was  found  to  detract  from  the  efficiency  of  the  pump,  and 
so  a  jet  of  compressed  air  in  the  delivery  pipe  has  been  sub- 
stituted in  most  of  the  plants  with  benefit,  and  found  to  accel- 
erate the  solution  of  the  gold  very  considerably  and  to  sweeten 
the  soluticm  efficiently.  This  auxiliary  is  not  alwajs  neces- 
saiy,  but  its  continuous  use  is  of  little  cost,  and  is  often  in- 
dispensable, while  there  is  no  easy  means  at  present  of  first 
determining  whether  or  how  much  oxidation  is  required. 

After  circulation,  the  charge  is  allowed  to  settle  and  the 
solution  decanted  off,  and  as  the  subsequent  washing  is  a  matter 
of  dilution  only,  the  solution  should  be  drained  off  as  com- 
pletely as  possible.  In  actual  practice  it  is  useful  to  take  off 
the  last  inch  or  so  with  the  pump  and  put  it  into  another  tank, 
by  which  means  it  is  possible  to  take  off  a  good  deal  more 
than  would  otherwise  be  the  case,  and  as  this  last  portion  is  a 
fairly  thick  sludge,  the  filters  would  be  clogged  up  very 
quickly. 

The  second  treatment  of  the  slimes  being  merely  a  wasli 
by  diluti(m,  is  performed  in  exactly  the  same  way  as  the  first 
treatment,  as  is  also  the  final  discharge  to  the  residue  dam, 
except  that  in  the  latter  case  it  is  not  essential  to  study  the 
thinning  down  of  the  sludge,  which  operation  is  performed  with 
as  little  water  as  can  be  used  in  the  pump,  the  main  object 
being  to  get  it  out  quickly. 

The  general  arrangement  of  the  whole  treatment  will,  of 
course,  differ  in  various  works,  but  the  usual  plan  is  to  send  all 
solutions  from  the  first  treatment  to  the  filters,  which  also  act 
as  a  storage  and  allow  of  a  regular  stream  to  be  passed  through 
the  precipitation  boxes  to  the  sumps ;  this  same  sump  solution 
is  used  to  transfer  the  settled  and  decanted  charge  to  the  second 
treatment  tanks,  and  thus  becomes  second  treatment  solution ; 
this  is  again  used  direct  from  the  tank  to  transfer  the  un- 
treated slimes  in  the  collecting  tanks  to  the  first  treatment 
tanks,  and  when  settled  it  is  decanted  to  the  filters.  Thus,  to. 
recapitulate,  from  the  first  row  of  collecting  tanks  it  is  trans- 
ferred to  the  first  treatment  row  with  second  treatment  solu- 
tion (decant ings  called  first  treatment  solution).  From  here  it 
is  transferred  to  the  second  treatment  row  with  sump  solution 
(decantings  called  second  solution,  and  used  for  the  transfer  of 
the  untreated  charge  to  the  first  treatment  row).  From  here 
it  is  sent  to  the  residue  dam  with  water. 

This  scheme  is  generally  used  for  the  treatment  of  the 
poorer  slimes:  it  also  has  the  advantage  of  making  less  solu- 
tion pass  through  the  filters  and  precipitation  boxes;  it  thua 


The  Metalluhgy  of  the  Witwatersrand.  47 

effects  a  small  saving  in  plant,  but  it  has  the  disadvantage  of 
slightly  enriching  the  solution  left  in  the  residues  before  send- 
ing them  to  the  dam,  so  that  in  other  plants  where  the  slimes 
are  richer,  the  decantings  from  both  treatments  are  best  sent  to 
the  filters,  and  sump  solution  used  in  all  cases  for  transfer- 
ing;  this  will  have  the  effect  of  producing  a  slightly  higher 
percentage  of  extraction.  For  much  richer  slimes  the  number 
of  washings  can  be  extended  to  any  degree  that  is  found  pay- 
able to  do  so,  and  in  direct  ratio  will  effect  the  extraction  pro- 
vided that  the  complete  solution  of  the  gold  is  effected  in  the 
first  treatment. 

All  solutions  going  to  the  precipitation  boxes  are  first 
passed  through  the  filter  vats;  these  are  simply  steel  tanks 
fitted  with  a  filter  mat  similar  to  the  leaching  tanks,  except 
that  in  these  the  distance  underneath  is  very  much  greater, 
and  that  they  have  about  two  or  three  feet  of  clean  sand  placed 
upon  it  to  arrest  all  solid  matter.  This  has  been  found  to  be  a 
necessary  operation,  as  otherwise  there  would  be  a  large  de- 
posit of  practically  worthless  matter  in  the  precipitation  boxes. 
This  would  primarily  form  a  coating  on  the  zinc,  and  so  act 
detrimentally  to  its  efficiency,  besides  adding  largely  to  the 
amount  to  be  smelted  subsequent  to  the  clean-up,  and  thua 
causing  an  extra  expenditure  in  fuel  and  fluxes  in  that  opera- 
tion. It  is  found  advisable  to  clean  out  these  filters,  say 
every  month,  which  simply  means  that  the  filter  is  drained  dry 
prior  to  scraping  away  the  accumulation  of  mud  that  has  col- 
lected on  the  surface  of  the  sand. 

The  precipitation  of  gold  from  slimes  solution  is  simple 
enough,  and  consists  of  using  zinc  shavings  in  the  usual  form 
of  box.  Two  modifications  of  the  system  used  for  sands  and 
concentrates  solution  are,  however,  necessary,  namely :  — 

1.  Coating  the  shavings  with  metallic  lead  by  dipping 
them  into  lead  acetate  solution. 

2.  Adding  a  stream  of  fresh  cyanide  solution  to  the  box 
while  it  is  in  operation. 

The  details  of  the  process,  however,  require  some  care  and 
attention,  for  haphazard  work  and  a  want  of  experience  .and 
knowledge  of  the  necessary  conditions  will  be  followed  by  poor 
results,  as  actually  happened  on  some  of  the  plants,  when  first 
tried. 

The  first  detail  to  be  considered  will  be  the  starting  of 
the  box,  which  may  be  for  most  purposes  of  the  same  con- 
struction as  that  ordinarily  used.  This  is,  of  course,  first 
cleaned  out  and  the  screen  supports  placed  in  position. 

A  bath  of  lead  acetate  solution  is  made  up  in  a  vessel  such 
as  a  shallow  tub,  which  will  allow  of  the  easy  handling  of  the 
zinc  shavings.  The  strength  of  this  solution  should  be  about 
2  per  cent.,  but  this  is  not  very  material,  as  each  man  will 
eventually  adopt  his  own  way  of  arranging  such  details ;  but  as 
a  matter  of  information  it  may  be  said  that  if  the  solution  be 
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much  weaker  the  operation  of  coating  the  zinc  will  take  up  a 
longer  time,  whereas  on  the  other  hand,  if  used  much  stronger 
the  coating  will  be  more  rapid,  but  there  is  a  liability  for  the 
deposit  to  be  in  excess,  and  take  a  nebulous  form,  which  is 
easily  detached.  This,  apart  from  a  waste  of  acetate  of  lead, 
should  be  avoided,  as  a  thin,  hard  coating  is  found  to  act  best 
and  last  the  longest  in  the  box.  As  the  bath  becomes  weakened 
by  each  successive  coating  of  fresh  shavings,  it  will  require 
the  addition  of  more  lead  acetate  to  maintain  the  standard 
adopted. 

This  coated  zinc  is  carefully  and  lightly  packed  in  the 
compartments  of  the  box  with  due  regard  to  the  avoidance  of 
channelling,  and  as  each  compartment  is  filled  the  solution  is 
turned  into  the  box  to  avoid  exposing  the  zinc  to  the  air  for 
too  long  a  time;  the  reason  for  tliis  is  that  the  zinc  so  exposed 
becomes  heated  and  rapidly  oxidises,  and  therefore  deterior- 
ates; this  is  probably  through  the  electrolysis  of  the  moisture 
adhering  to  the  shavings. 

The  period  of  efficiency  of  this  process  is  limited.  In  some 
instances  an  efficiency  of  over  90  per  cent,  has  been  maintained 
for  30  days:  this  is,  however,  unusual,  but  there  is  no  difficulty 
in  maintaining  it  for  fully  half  this  period.  In  a  general  way, 
however,  cyanide  works  are  cleaned  up  every  10  days,  and  it  is 
found  convenient  to  transfer  all  the  zinc  to  the  sands  precipi- 
tation boxes  to  replace  that  which  has  been  decomposed,  and 
to  use  fresh  coatecl  zinc  for  the  slimes  precipitation. 

So  far  as  is  at  present  known,  the  conditions  which  in- 
fluence the  precipitation  exist  in  the  solutions  or  the  physical 
condition  of  the  zinc;  usually  the  one  governs  the  other.  The 
exceptions  are  as  before  mentioned  in  regard  to  channelling 
and  unsuitable  coating  of  the  zinc,  to  which  might  be  added 
too  large  a  stream  in  ratio  to  the  amount  of  zinc;  this,  roughly 
stated,  should  be  in  the  proportion  of  one  ton  of  Solution  per 
hour  for  every  100  lbs.  of  zinc  present.  In  some  cases  less 
than  this  will  work  well,  and  in  others  more  will  be  required, 
but  not  to  any  great  extent. 

The  foregoing  can  only  be  given  as  an  outline  of  the  pro- 
cess of  the  treatment  of  slimes,  as  the  actual  practice  will 
depend  so  much  upon  the  existing  conditicms,  and  modifica- 
tions will  have  to  be  made  accordingly,  as,  for  instance,  in  the 
degree  to  which  it  is  found  payable  to  prohmg  the  treatment, 
or  the  presence  of  deleterious  matter  in  tlie  material  treated. 
Finally,  it  may  be  said  that  the  profits  of  slimes  plants  depend 
a  good  deal  upon  the  magnitude  of  their  operations,  and  there- 
fore inattention  to  details  results  in  proportionate  losses. 

The  slimes  when  treated  have  to  be  disposed  of,  and  this 
subject,  though  of  great  importance  in  the  future,  is  hardly  a 
fit  subject  for  the  present  treatise.  Owing  to  their  being  in 
the  form  of  a  thin  sludge,  they  are  at  present  pumped  into  dams, 
the  construction  and  up-keep  of  which  form  a  very  important 
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item  of  the  costs.  Experiments  are  being  made  to  ascertain 
what  will  ultimately  be  the  cheapest  system  to  be  adopted,  as 
is  also  the  subject  of  recovering  the  gold  from  the  water  with 
which  it  is  pumped  out  of  the  tanks;  this,  acting  as  an  extra 
wash,  will  often  contain  as  much  as  from  4  to  6  grains  per 
ton,  but  so  far  the  experiments  have  reached  no  conclusive 
stage. 

The  process  of  cleaning  up  and  recovering  the  gold  has 
been  much  modified  of  late  by  the  adoption  of  acid  treatment, 
filter-presses,  and  the  use  of  clav-lined  crucibles  in  reverbera- 
tory  furnaces,  and  latest  of  all  the  process  known  as  the 
Tavener  method,  which  consists  of  melting  with  litharge  and  a 
reducing  agent,  thus  getting  the  gold  into  lead,  which  is 
afterwards  cupelled,  giving  a  bullion  which  is  practically  pure 
gold  and  silver. 

The  systems  adopted  on  the  different  plants  are  various, 
and  would,  if  given  in  detail,  entail  too  much  explanation :  it 
is  therefore  proposed  to  give  merely  an  outline  of  one  of  the 
most  modern. 

The  strong  solution  boxes  are  first  taken  in  hand,  the  flow 
stopped,  and  some  of  the  solution  syphoned  off.  All  the  zinc 
in  the  top  compartments  is  usually  decomposed  and  unfit  for 
further  use;  it  is  therefore  taken  at  once  to  the  acid  tub.  The 
cyanide  manager  generally  uses  his  discretion  as  to  what  zinc 
is  returned  to  the  boxes  or  sent  to  the  acid  tubs,  being  guided 
throughout  the  plant  by  the  appearance  of  the  zinc  in  the 
matter  of  richness  or  suitability  for  further  use.  The  filter 
press  having  been  prepared  with  a  suitable  number  of  leaves 
or  frames,  is  started,  and  the  suctiim  hose  put  in  to  drain  the 
balance  of  the  solution,  whilst  the  next  compartment  is  simi- 
larly treated.  When  as  much  as  is  possible  has  been  pumped 
out,  the  suction  hose  is  transferred  to  the  next  compartment, 
and  the  solid  matter  at  the  bottom  of  the  compartment  is  either 
baled  or  shovelled  out  and  sent  to  the  acid  tub,  being  finally 
sponged  out  clean.  By  this  means,  when  the  lower  compart- 
ments are  reached  a  place  will  be  ready  for  the  zinc,  which  has 
to  be  returned. 

All  the  boxes  are  proceeded  with  in  like  manner,  the  re- 
turned zinc  being  placed  in  whichever  box  is  convenient; 
usually  that  from  the  medium  goes  to  the  strong,  and  that  from 
the  weak  to  the  medium,  while  that  from  the  slimes  plant 
goes  to  the  weak.  Fresh  zinc  is  supplied  to  fill  up  the  whole 
plant  where  needed. 

When  this  operation  is  finished  the  filter  press  is  also 
-emptied  into  the  acid  tub,  which  will  then  contain  the  whole 
of  the  clean-up. 

These  acid  tubs  should  have  had  acid  and  water  in  pre- 
viously, so  that  when  the  clean-up  is  put  in,  the  action  of  dis- 
solving out  the  zinc  commences  at  once,  and  no  time  is  lost; 
fresh  acid  is  added  from  time  to  time    as    necessarv,    and    the 
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whole  stirred  up,  cautiously  at  first  to  avoid  bubbling  over,  and 
very  thoroughly  at  the  end  to  ensure  all  the  zinc  being  dis- 
solved. After  settling,  the  clear  liquor  is  decanted  off  through 
plug  holes  in  the  side  of  the  tub  into  the  lower  one,  and  again 
filled  up,  this  time  with  hot  water,  being  again  thoroughly 
stiri-ed.  This  is  repeated  several  times  to  wash  out  all  the 
soluble  salts.  These  washings  are  drawn  off  through  the  filter 
ivss,  which  is  again  rigged  up  with  the  necessary  number  of 
eaves,  and  when  the  washing  is  complete,  all  the  gold  slimes, 
are  washed  into  the  lower  tub,  now  empty,  and  carefully  drawn 
oft*  into  the  filter  press,  being  stirred  up  the  while  with  suffi- 
cient water  to  form  a  thin  mud  so  that  the  press  is  filled  evenly. 
When  all  is  in  the  press  it  receives  a  final  washing,  and  then 
the  pump  is  continued  on  air  for  some  time  to  dry  as  much  as 
jKJssible. 

If  the  right  number  of  leaves  has  been  used  the  result- 
ing cakes  of  gold  slimes  should  be  comparativelv  dry  and  hard^ 
and  so  easy  t«>  handle. 

These  cakes  aiv  placed  in  iron  trays  fitting  into  the  dry- 
ing furnace,  and  broken  up  slightly  to  facilitate  this.  With 
the  ust*  of  clav-lined  crucibles  it  is  not  necessarv  to  roasts 
though  by  so  doing  the  resulting  bullion  is  a  little  finer. 

The  dry  slime  is  broken  up  fairlv  small  and  mixed  with 
tlux  for  smelting.  The  constituents  ot  this  flux  will  vary,  but 
generally  it  may  be  said  that  for  every  hundi-ed  Dounds  of  dried 
slimes  the  pn>portions  will  be :  Anhydrous  silicate  of  soda, 
40  IHs. :  fustnl  bonix,  40  lbs. ;  and  peroxide  of  manganese,  7  lbs. ; 
the  latter  is  the  most  varying  element,  being  used  to  oxidise 
the   lead.  eti..  present. 

t  hi  nn»st  of  the  larger  works  a  reverberatory  furnace  ia 
tise*l  fi>r  smelting,  owing  to  the  large  nature  of  the  oj>erations, 
He^tides  which  it  is  cheaper  in  fuel  and  fluxes.  Each  charge 
take^  ab4>ut  twi>  houn^  in  the  furnace,  the  pots  are  handled 
mpidly  and  poureil  into  one  common  mould,  one  on  top  of  the 
♦  »thf-r:  a  laumler  at  the  top  of  the  mould  conveys  the  major 
p»>rtL«Ki  •>!  the  slag  outside  the  building,  where  it  falls  into 
wut^r.  and.  be*-»>ming  granulatetl.  saves  time  in  the  sub^jequent 
irrinding  no  t«»  re^t)ver  the  fine  beads  held  in  the  slag  in  sus- 
pt^n-iion.  The  advantage  of  this  system,  besides  cheaper  anti 
qai*  ker  WMfkinjr  than  the  oM  Cornish  fumai^e.  is  the  easier 
handling,  with  le**  heat  and  discomfort  to  the  workmen, 
wli: V  d  irrv*ar^r  h*^t  is  obtainable  in  the  furnace,  which  renders 
rh«*  *Iajr  m*»i>^  tiaid.  and  by  p«>aring  one  charge  on  top  of  the 
ofL«-r.  Wad-i  li^ld  in  suspension  are  carrieil  down,  and  the  slairs 
prrwMir^Hl  an*  far  I«*t*js  in  value  than  by  the  old  metKinl.  The 
rf^snlrinjr  HriHion  [5  finer  also,  and  commands  a  higher  price 
by  rh#»  tisf^  of  the  oxi«iising  flax  in  the  clay-HiUHl  crucible. 

It  L*  a  -s^^un**  of  great  satisfaction  to  the  metallurgists  f»f 
the  Ran«i  that  *Iime<*  of  2  dwts.  in  value  are  suivessfuUy 
trf»areil  at  a  profit  of  over  4s.  per  ton.     This  has  been  aect>m- 
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plished  bv  the  joint  labour  of  the  engineer,  and  the  chemist 
and  metallurgist,  and  last  but  not  least  the  courage  of  the 
capitalist,  who  has  not  hesitated  to  put  a  half-a-million  of 
money  to  develop  a  mine  with  the  necessary  surface  equipment 
before  the  first  ounce  of  gold  can  be  obtained.  Incidentally 
I  may  mention  that  one  of  the  last  slimes  plants  that  have 
been  erected  cost  nearly  £40,000,  but  as  a  profit  of  about 
£'3,000  per  month  has  been  obtained,  you  will  agree  that  it  is  a 
very  good  investment. 

I  trust  that  these  few  remarks  will  be  of  some  assistance 
to  you  during  your  forthcoming  visit  to  the  mines,  when  you 
will  see  the  whole  of  the  process  in  active  operation. 


3.  THE  CYANIDE  PROCESS    FROM   THE  STANDPOINT   OF 

MODERN    CHEMISTRY. 

By  James   Moik,  D.Sc,  M.A.,  F.C.S. 

Although  it  is  now  seventeen  years  since  Arrhenius  first 
promulgated  the  ionic  theory,  it  is  only  within  the  last  half-dozen 
years  that  it  has  made  progress  towards  universal  acceptance  among 
chemists  and  physicists.  The  chief  cause  of  the  opposition — lK)th 
scientific  and  unreasoning — with  which  it  has  met,  is  the  difficulty  of 
clearly  conceiving  its  fundamental  idea,  viz.,  that  elements  carrying 
opposite  electric  charges  (such  as  scxlium  and  chlorine)  can  exist  side 
by  side  in  solutions,  being  kept  apart  merely  by  \yemg  admixed  with  a 
large  excess  of  neutral  molecules  of  high  dielectric-constant  such  as 
water.  This  difficulty  is  a  real  one,  and  it  is  only  by  dint  of  the 
general  impression  of  neatness  and  consistency  which  is  produced  hy 
the  explanations  founded  on  the  ionic  theory,  that  the  theory  itself  has 
now  reached  the  position  of  holding  sway  over  the  whole  domain  of 
inorganic  chemistry — at  least  as  a  reliable  working  hypothesis,  which 
fits  together  into  one  system  a  number  of  facts  which  would  otherwise 
remain  discrete  and  inexplicable. 

With  regard  to  the  theory  itself,  it  will  be  uiuiecessary  for  me  to 
say  much  in  the  way  of  descHption,  especially  on  the  mathematical  side, 
since  that  has  already  been  done  in  this  country  bv  Professor  v. 
Oettingen,  and  is  readily  available  in  the  pages  of  the  Journal  of  the 
Chemical  and  Metallurgical  Society  for  1899.  As  the  Professor,  how- 
ever, confined  himself  to  the  theoretical  side  of  the  question,  I  have 
thought  that  it  might  be  serviceable  to  apply  the  theory  to  the  practical 
subject  of  the  cyanide  process  of  gold  extraction,  especially  as  I  find 
that  it  throws  light  on  a  variety  of  phenomena  which  are  otherwise 
puzzling. 

The  ionic  theory  (or  theory  of  electrolytic  dissociation)  has  been 
invented  to  explain  the  following  sets  of  facts  : — 

(1)  Solutions  of  salts,  dilute  acids  and  dilute  bases  behave  towards 
reagents  as  if  they  were  mixtures,  whereas  the  other  classes  of  soluble 
substances  do  not.  Thus  a  solution  of  common  salt  gives  a  precipitate 
of  silver  chloride  when  added  to  silver  nitrate  solution,  whereas .  a 
solution  of  sodium  chloracetate  does  not,  although  it  contains  chlorine 
also.  This  must  mean  that  the  chlorine  of  a  salt  solution  is  isolate<l  or 
separate  from  the  other  substances  present,  and  free  to  react  with 
silver,  whereas  in  the  chloracetate,  it  is  bound  up  with  part  of  the 
molecule  and  cannot  be  got  at  ])y  the  silver.  Salt  solution  contains 
Na  and  CV  ions,*  but  the  chloracetate  gives  only  Na-  and  CH.,  CI 
COO'  ions,  and  no  CT  ions. 

Similarly  K  CI  O.,  solution  conUiins  only  K'  and  ClO.,'  ions  and 
no  Cr  ions  and  therefore  is  not  precipitated  by  silver  nitrate.  Again 
all  ordinary  silver  salts  are  precipitated  by  chlorides,  but  K  Ag  Cy.,  is 
not,  because  it  contains  practically  no  Ag*  ions,  only  K*  and 
Ag  Cy./  ions.      To   take   another   example,   if   we    make   equivalent 


Tlu»  dots  (•)  and  dashes  (')  represent  the  i)Ositive  and  negative  charges 

respectively. 
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solutions  of  all  the  soluble  permanganates  they  look  exactly  alike 
to  the  eye  and  through  the  spectroscope.  This  means  that  they 
all  contain  the  same  free,  coloured  ions  Mn  0/  in  the  same  amount 
(though  the  amounts  of  metal  present  vary  according  to  their 
atomic  weights).  Similarly  the  ultra-violet  spectra  of  all  the  nitrates 
(in  equivalent  solution)  show  a  series  of  bands  identical  in  each  case, 
caused  by  the  free  NO;,'  ion 

In  the  second  place,  all  dilute  acids  have  certain  properties  in 
common,  viz.,  sour  taste,  power  of  reddening  litmus,  and  liberating 
hydrogen  when  treated  with  such  metals  as  magnesium.  Now  hydrogen 
is  the  only  thing  common  to  the  acids  and  therefore  the  acidic  functions 
have  long  been  ascribed  to  hydrogen.  However  as  these  properties 
are  not  possessed  either  by  gaseous  hydrogen  (ILj)  or  by  hydrogen  in 
other  soluble  compounds  such  as  sugar,  urea,  hydrogen  peroxide,  etc., 
the  hydrogen  in  acids  must  be  different  from  both  molecular  hydrogen 
and  combined  atomic  hydrogen.  The  fact  that  the  difference  in  the 
properties  of  acids  is  one  of  degree  and  not  of  kind,  shows  that  the 
hydrogen  is  separate  from  the  rest  of  the  molecule  and  exhibits  its  own 
reactions  exactly  to  the  degree  to  which  it  is  free  or  dissociated. 
Speaking  shortly,  the  acidic  properties  are  the  properties  of  the 
positively-charged  hydrogen  ion  (H*) ;  an  acid  is  strong  if  it  is  well 
dissociated  and  is  weak  if  only  slightly  dissociated  into  fl*  ions 
Strong  acids  are,  HCl,  HBr,  HI,  HNO3,  HClO.,.  HBrO^,  HIO3, 
HCIO4,  HSCy  ;  medium  are.  H2SO4,  KjCfi,,  H3PO,,  HF  ;  weak, 
C.,H,0„  HOC],  H^S,  H,S03,  H.CO^,  H3BO3,  HCN,  CeH^OH.  Speaking 
generally,  the  properties  of  a  salt  solution  are  the  sum  of  the  properties 
of  it«  ions  :  the  principle  in  ordinary  analysis  of  looking  for  acids  and 
bases  independently  of  one  another  is  nothing  else  than  a  recognition 
that  ionisation  has  occurred.  On  the  contrary  the  detection  of  organic 
substances  has  to  be  done  indimdvally ;  for  example  there  is  no  group- 
reagent  for  the  methyl-group,  simply  because  it  does  not  ionise. 

Thirdly,  it  is  found  that  solutions  of  salts,  acids  and  bases  conduct 
the  electric  current  with  decomposition,  whereas  solutions  of  other 
soluble  substances  are  non-conductors.  It  is  only  in  the  state  of 
solution  that  these  substances  are  conductors,  e,g.,  anhydrous  HCl 
(liquefied)  is  a  non-conductor,  and  does  not  affect  litmus  or  metals,  but 
when  added  to  water  much  heat  is  evolved  and  the  solution  reacts  acid 
and  conducts  the  current  easily  with  evolution  of  hydrogen  and  chlorine 
at  the  electrodes.  The  profound  nature  of  the  physical  change  is 
shown  by  the  rise  of  the  boiling  point  from — 102**C  to  over  +  100"C. 
The  conductivity  of  salts  (electrolytes)  differs  from  that  of  metals  in 
being  accompanied  and  caused  by  an  actual  transference  of  matter,  viz., 
the  ions  into  which  the  electrolyte  separates  when  dissolved,  these  ions 
carrying  each  a  definite  charge  of  -  or  -h  electricity.  The  passage  of  the 
current  is  simply  the  migration  or  wandering  of  these  charged  particles 
through  the  solution  in  obedience  to  the  attraction  exercised  on  them 
by  the  electrodes. 

Thus  the  plus  electrode  (anode)  attracts  all  the  minus  ions 
(say  Cr)  and  repels  all  the  plus  ions  (say  H),  whilst  the  negative 
electrode  attracts  the  positive  H*  ion^  which  have  been  repelled  from 
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the  other  side  and  repels  the  negative  ions  to  the  other  electrode 
which  attracts  them.     (Fig.  I.) 

The  ions  therefore  move  in  opposite  directions  through  the 
liquid  until  they  meet  the  electrodes  which  being  oppositely  charged 
to  them,  remove  their  charges,  and  the  ions  are  left  free  to  exercise 
their  chemical  affinity  and  combine  with  one  another  or  with  other 
ions  that  may  b3  present,  to  form  ordinary  molecules.  In  this 
discharged  but  uncombined  condition  they  are  in  the  "  nascent  state  " 
to  use  the  older  terminology,  and  are  very  reactive,  since  there  is  no 
force  to  oppose  their  chemical  affinity. 

The  difference  between  an  element  in  the  ionic  state  and  one 
in  the  nascent  or  in  the  ordinary  molecular  condition  is  fundamental 
in  character.  They  are  as  totally  different  in  their  properties  as  the 
allotropic  forms  of  phosphorus  or  as  oxygen  and  ozone  ;  in  fact  the 
ionic  condition  its  most  simply  understood  as  a  specially  reactive 
allotropic  form  of  the  element.  Nowadays  allotropy  itself  is  generally 
explained  by  differences  in  the  number  or  arrangement  of  the  atoms 
in  the  molecule,  exactly  like  isomerism  in  more  complicated  sub- 
stances, and  according  to  the  ionic  theory  every  element  can  assume 
dif!*erent  allotropic  forms.  Thus  hydrogen  may  be  (1)  H.^  (gas),  (2)H — 
(nascent),  or  (3)  H"  (ion).  Again  Iodine  may  be  (1)  I — I  (vapour  at 
low  temp.'irature)  (2)  I — (nascent  or  vapour  at  verv  high  temperature) 

('^)  r — (ion  of  iodides)  (4) — 1/    ||  (ion  of  tri-iodides).     Again  nitrogen 

N 
ni'iy  be  (1)  N  =  N  (gas),  (-2) — N  |p  (ion  of  hydrazoates).     The  same 

N 
applies  to  compound  radicles  or  groups,  thus  we  have  the  isomers  OH'and 
(OH).2or  H — 0—0 — H,  the  first  being  the  radicle  of  all  the  hydroxides 
and  the  second  ordinary  hydrogen  peroxide  ;  another  example  is  Cy' 
(the  anion  of  the  cyanides)  and  its  isomer  Cy.^  or  NC — CN,  or 
ordinary  cvanooren.  These  isomers  have  the  most  widely  different 
properties,  hence  it  is  no  longer  wonderful  that  the  sodium  ion  does 
not  attack  water :  it  is  totally  different  from  metallic  sodium. 

There  is  one  more  point  to  be  elucidated  before  applying  all  this 
to  the  cyanide  process,  and  that  is,  that  dissociation  is  frequently 
very  incomplete,  for  example  in  water,  and  many  of  the  acids.  Now 
since  conductivity  depends  on  the  actual  carriage  of  electric  charges 
by  the  ions,  it  follows  that  bad  conductors  contain  few  ions  and  are 
therefore  ofdy  slightly  dissociated.  For  example  HON  is  a  very  poor 
conductor  and  is  therefore  scarcely  dissociated  at  all  Its  solution 
therefore  contains  very  few  H*  ions,  and  it  therefore  should  not 
exhibit  the  reactions  of  H*  ions.  Now  these  are  the  reactions  of  an 
acid,  and  we  infer  that  HCN  is  a  very  weak  acid,  which  is  in  fact  the 
case.  By  measurements  of  the  conductivity  of  pure  acids  we  can 
therefore  arrange  them  in  order  of  dissociation,  which  is  therefore  the 
order  of  strength.  For  example  HCN  is  thus  found  to  be  1 58  times 
weaker  than  carbonic  acid  and  hence  its  salts  are  very  completely 
<lecom  posed  by  atmospheric  COg. 


(a.) 


(b-) 


Before  passing  current. 
Only  //*  and  01'  ions  are 
present  and  are  moving 
in  all  directions. 


Beginning  of  current. 
Ions  moue  in  opposite 
directions ;  nascent  H 
and  01  are  formed  at 
electrodes. 


(c.)  During  current.  Separa- 
tion of  gaseous  H.^  and 
Olo ;  nascent  H  and  01 
at  electrodes  ;  ions 
moving  in  opposite 
directions. 


FIG.  1. 
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Again  it  follows  that  if  highly -dissociated  solutions  are  mixed 
so  as  to  have  the  ions  of  a  slightly-dissociated  substance  present 
together,  these  ions  must  re-combine.  The  best  known  case  is  that 
of  water  ;  if  an  acid  and  a  base,  containing  respectively  H*  and  OH* 
ions,  be  mixed,  these  ions  must  combine  until  their  number  is  reduced 
to  the  quantity  ordinarily  present  in  water  (-00001  P/o)*  the  metal  and 
anion  of  the  acid  remaining  unchanged  to  form  the  salt  which 
results  on  evaporation.  The  process  of  neutralization  is  thus  inde- 
pendent of  the  nature  of  the  base  or  the  acid  (if  strong),  and  in  point 
of  fact  it  is  found  that  the  same  amount  of  heat  is  liberated, 
whatever  the  base  or  (strong)  acid  may  be.  This  heat  is  the  amount 
produced  by  the  reaction  H--|-OH'  =  H0O+ 137  cal.  per  litre.  All 
analytical  reactions  (titrations,  formation  of  precipitates,  etc.)  depend 
on  differences  of  dissociation  and  solubility  of  the  substances  em- 
ployed :  they  are  reactions  of  ions,  metals  and  complexes,  and  unless  a 
particular  group  is  dissociated,  its  constituents  are  not  detected. 
Thus  the  substance  obtained  by  dissolving  gold  in  cyanide,  K  Au 
Cy.j,  when  dissolved  in  water  dissociates  into  K*  and  Au  Cy\,  and 
consequently  gives  the  reactions  of  potassium  and  of  the  aurocyanide 
group,  but  does  not  give  the  reactions  of  gold  or  ordinary  cyanides, 
unless  it  is  treated  with  violent  reagents  which  destroy  the  Au  Cy\  group. 
In  the  same  way,  potassium  ferrocyanide  does  not  react  for  iron  and 
is  non- poisonous. 

In  the  ca.se  of  salts  the  dissociation  is  practically  complete,  and 
if  one  recollects  the  few  exceptions,  it  is  practically  safe  to  assume 
that  nothing  but  ions  is  present.  The  important  conclusion  is  that 
when  different  salt  solutions  are  mixed,  the  product  is  the  same 
however  the  ions  were  arranged  in  the  original  solids.  For  example 
a  mixture  of  ecjuivalent  solutions  of  NaCl,  KI,  and  Ca  (N03)a  cannot 
be  distinguished  in  any  way  physical  or  chemical  from  a  mixture  of 
KCl,  NaT.  and  Ca  (N0,\,  or  of  NaNO,,  KCl  and  CaL,  or  of  any  of 
the  other  three  possible  combinations  of  the  six  ions.  If  on  the  other 
hand  any  difference  arises  on  mixing  salt  solutions,  there  must  be 
one  among  the  possible  substances,  the  ionisation  of  which  is  less  than 
that  of  the  others.  This  substance  then  forms  from  its  ions  and  if  its. 
amount  exceeds  the  solubility  of  the  substance,  it  separates  as  a 
piecipitate  and  the  temperature  rises  from  the  combination  of  the 
ionic  charges.  Conversely  the  redissolving  of  a  precipitate  simply 
consists  in  aiding  it  to  ionise. 

There  are  still  many  points  of  theoretical  interest  such  as> 
osmotic  pressure,  depression  of  freezing  point,  etc.,  required  to  prove 
the  validity  of  the  ionic  theory,  but  I  do  not  propose  to  refer  to  these. 
Those  who  are  interested  may  be  referred  to  the  excellent  exposition 
of  the  theory  in  Watts'  Dictionary  of  Chemistry,  IV.,  183,  where  the 
quantitative  data  which  prove  the  theory  may  be  inspected  and  will 
convince  most  people  that  they  are  not  due  to  mere  coincidence. 

Besides  the  ionic  theory  another  application  of  physical  chemistry 
— the  law  of  mass  action — has  come  to  play  a  most  important  part  in 
modern  chemistry.  This  law  is  simply  a  statement  in  mathematical 
form  of  the  fact  that  the  degree  to  which  a  substance  reacts  is  propor- 
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tional  to  the  amount  of  it  present.  Combining  this  with  the  ionic 
theory  we  learn  that  the  activity  of  a  substance  deperids  on  the  concen- 
tration of  its  ions  (i.^.,  the  number  present  per  litre).  If  we  take  any 
chemical  equation  the  activity  of  each  constituent  on  the  left  side  is 
proportional  to  its  concentration,  therefore  the  tendency  for  the  reaction 
to  go  in  the  sense  of  the  reaction  is  measured  by  the  product  of  the  con- 
centration of  the  substances  on  the  left  side  minus  the  product  of  the 
concentrations  of  the  substances  on  the  right-hand  side.  In  equili- 
brium this  tendency  is  zero,  and  the  two  sides  are  equal.  Expressed 
algebraically  this  isCiC.2  =  Kc<C4  if  there  are  two  substances  on  each 
side.  The  constant  K  measures  the  final  stage  of  the  reaction.  Take 
for  example  the  dissociation  of  water,  H.20  =  H-  +  0H' ;  the  algebraical 
equation  is  (H.20)  =  K(H*)(0H')  if  we  denote  by  bracketted  groups  the 
concentration  of  the  substance  within  the  bracket.  Now,  in  the  case 
of  water,  the  dissociation  is  known  from  the  conductivity  to  be 
extremely  small ;  the  quantity  of  un-dissociated  water  in  a  litre   is 

(H,0. 
therefore    practically  constant ;    therefore  (H)  x  (OH')  =  —    =     con- 

,.    (K) 
stant.     Therefore  in  any  aqueous  liquid  H*  and  OH'  ions  are  always 
present,  and  in  such  numbers  that  their  product  is  constant.     The 
value  of  the  constant  is  0*7^10"  at  20'  and  M-rlO^^  at  25",  and 
62 -r  10'^  at  50"C,  increasing  rapidly  with  temperature. 

In  pure  water  the  H'  and  OH'  ions  are  of  course  equal  in  number, 
therefore  (H)  x  (OH')  =  (H-)*  therefore  H-  =  OH'=  10"  (or  one  each  of 
the  ions  to  ten  millions  of  water).  Now  if  we  add  an  alkali  to  water 
we  greatly  increa.se  the  number  of  OH'  ions,  therefore  the  number  of 
H-  ions  must  greatly  diminish  in  order  to  keep  their  product  fixed,  but 
it  is  not  possible  to  entirely  remove  the  H*  ions.  Thus  in  normal 
KOH  solution  at  25^  the  concentration  of  OH'  is  =  1  and  since 
(H-)  X  (OH')=M  X  10-'^  at  25"  therefore  H  =11  x  10^^  ie.,  about  one 
ten-millionth  of  its  concentration  in  water.  We  can  usefully  apply  these 
facts  to  the  hydrolysis  of  potassium  cyanide  by  water.  When  a  solu- 
tion of  potas.sium  cyanide  is  made  it  is  found  to  react  alkaline,  and  it 
also  smells  of  hydrocyanic  acid,  even  if  the  water  has  been  freed  from 
carbonic  acid.  This  is  due  to  the  fact  that  hydrocyanic  acid  is  an 
extremely  weak  acid,  i.e.,  one  which  is  only  slightl}^  dissociated  into 
ions,  whilst  its  soluble  salts  are,  of  course,  well  dissociated  The  solu- 
tion contains  K'  and  Cy'  ions  as  well  as  the  ions  of  water  H'  and  OH', 
and  since  HON,  like  water,  is  only  slightly  dissociated  it  tends  to  be 
formed  when  its  ions  H*  an<l  Cy'  meet  in  solution,  just  as  water  is 
produce<l  when  H*  and  OH'  meet  together.  Now  when  OH'  and  Cy 
Uigeihev  meet  with  H*  they  compete  for  it  according  to  their  degree  of 
dissociation,  and  HCN  beins^  the  more  dissociated,  is  produced  in  the 
lesser  degree.  In  conse(iuence  a  cyanide  solution  consists  mainly  of 
water  with  potassium  and  cyanogen  ions,  but  contains  in  addition  to 
these,  free  OH'  ions  (which  cause  its  alkalinity),  and  un-dissociated 
HCN,  which  can  be  distilled  out  of  the  solution.  The  amount  of 
hydrolysis  is  about  1%  in  a  0  5%  KCy  solution  at  ordinary  tempemtures 
and   the  hydrolysis  varies  as  the  .s(|uare  root  of  the  strength  of  the 
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solution.  Now  it  is  customary  to  add  caustic  alkali  to  cyanide  solutions^ 
and  we  can  calculate  its  effect.  From  the  two  chemical  equations, 
H'  +  OH'=HyO  and  H*  +  Cy'=HCX,  we  have  two  concentration-equa- 
tions from  the  law  of  mass  action,  viz.,  (H*)  x  (OH')  =  1.1  x  10", 
{}{')  X  (Cy )  =  k  X  (HCN)  =  13  x  10  '"(HCN).  We  eliminate 
(H*)      and      find     since      (Cv')      in      decinormal      solution  =  0*1, 

llxlO-'« 
(OH')  X  (HCN):= =10  «  roughly— that   is,   the  product  of 

13xl0-'« 
OH'  ions  and  free   HCN  is  constant,  and  since  they  are   equal   in 

pure  KCy  solution,  both  (OH^)  and  (HCN)=  JTo"«=001  or  V/^ 
of  the  cyanide  present.  So,  if  we  double  the  OH'  ions  we  halve 
the  free  HCN,  or,  in  other  words,  to  halve  the  loss  of  available 
cyanide  (i.e.,  Cy'ions)  due  to  hydrolysis,  we  must  double  the  alkalinity. 
In  a  decinormal  cyanide  solution  at  30'  C.  this  is  1*12  %  of  the  KCN, 
so  that  we  must  add  alkali  equal  to  this,  viz.,  '00112  x  56  (molecular  wt. 
of  KOH)=0627  gram  KOH  per  litre. 

Titration  of  Cyanidk  Solittions. — We  have  seen  that  a  pure 
cyanide  solution  contains  seven  individual  substances,  viz.,  un-dis- 
sociated  KCN,  water,  and  HCN,  and  dissociated  K*,  H',  OH'  and  Cy*. 
Of  these  only  the  last  is  of  value  for  dissolving  gold,  and  the  titration 
process  must  be  arranged  so  as  to  determine  cyanogen  as  ion  only. 
The  most  familiar  method  is  the  use  of  standard  silver  solution.  From 
the  ordinary  equation  2KCy  -f  AgNO;,  =  K AgCy.^,  +  KNO;,  we  get  the 
ionic  equation  Ag*  -f  2C\''  ^  AgCy V  It  should  be  noted  that  every 
ionic  equation  must  have  the  algebraic  sum  of  the  ionic  charges  equal, 
as  well  as  the  elements  involved.  It  does  not  matter  what  silver  salt 
is  used.  It  should  also  be  noted  that  although  the  un-dissociated  KCN 
is  not  titrated  at  once,  as  soon  as  some  of  the  Cy'  ions  have  been 
removed  by  the  silver  the  equilibrium  existing  between  KCN  and  its 
ions  is  disturbed,  and  therefore  more  KCN  is  dissociated  until  it  is 
restored  ;  this  goes  on  until  the  whole  of  the  KCN  is  dissociated  and 
is  titrated.  On  the  other  hand,  the  equilibrium  between  the  OH'  and 
the  free  HCN  is  not  disturbed,  and  consequently  the  latter,  not  being 
ionised,  is  not  titrated,  and  as  we  know  that  the  hydrolysis  is  about 
1  ;/  in  a  solution  of  i  %  KCy,  we  see  that  the  titration  gives  only  99  % 
of  the  total  cyanide  dissolved.  Nevertheless  the  titration  is  correct 
for  leaching  pur})oses,  since  this  99  %  is  all  that  is  available  for  dis- 
solving gold  Addition  of  alkali,  as  already  mentioned,  makes  more 
available.  In  view  of  all  these  facts,  the  custom  of  recording  results 
in  terms  of  KCy  is  simply  stupid,  us  is  also  the  prejudice  against  using 
siHliuni  cyanide.  It  is  true  that  the  latter  salt  is  frequently  impure, 
but  this  is  simply  because  manufacturers  are  encouraged  to  send  out 
an  article  conUiining  only  76  ]/  of  so<lium  cyanide,  simply  because  this 
figure  works  out  at  100  %  KCy  ;  there  remains  24  °/^  for  impurities, 
none  of  which  arc  valuable  enough  to  be  paid  for  as  cyanide.  It  ought 
to  be  easy  enough  to  put  pressure  on  manufacturers  to  raise  the  Cy' 
content  from  40  ^'  (its  present  amount)  to  50  '^  since  Cv'  in  pure 
NaCNis53    ;, 
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Tlie  other  two  processes  for  titrating  cyanides  are  very  interesting 
from  the  ionic  point  of  view. 

X 

The   -first    consists   of    titrating  Avith  —  iodine    until  it  is   no 

10 
longer  used  up,  the  equation  being  KCN  +  L2  =  KI  +  ICN.  The 
raihnak  of  the  proceeding  is  that  cj^anogen  iodide  is  not  dissociated  (for 
example  it  gives  no  precipitate  with  AgNO.,).  The  ionic  equation  is 
therefore  Cy'  + I.J  =  r  4- CXI,  the  negative  charge  moving  from  cyano- 
gen to  iodine.  It  is  interesting  to  note  that  if  the  final  solution  is 
acidified,  the  reaction  goes  backward,  iodine  and  HCN  being 
regenerated,  the  equation  in  ionic  form  being  r  + CXI  4-H' =  1.2  + HCX. 
The  other  process  uses  HgCL^  solution  and  depends  on  the  remarkable 
fact  that  Hg(CX)2  is  practically  not  ionised  and  does  not  give  either 
the  mercury  or  the  cyanide  reactions,  and  this  is  due  to  the  fact  that 
Hg*  and  Cy'  ions  are  practically  absent  from  its  solutions.  The 
equation  of  titration  is  HgCl2  +  2KCX  =  Hg(CX)a4-2KCl,  or  in  ionic 
form  Hg-  -h  -^Cy'  =  Hg(CX),. 

Before  dealing  with  the  chemistry  of  the  solution  of  gold,  it  will 
be  necessary  to  say  something  about  the  destruction  of  cyanide  by 
constituents  of  the  ore,  the  air  and  the  water  with  which  it  is  used. 
"We  have  seen  that  even  pure  air-free  water  causes  a  loss  due  to  hydro- 
lysis, the  HCN  foiTned  being  volatile.  It  may  be  removed  from 
solution  even  by  a  current  of  indifferent  gas,  as  occurs  in  aeration.  A 
much  greater  cause  of  loss  is  the  action  of  carbonic  acid.  This,  we 
have  seen,  is  nearly  16  times  as  strong  an  acid  as  HCX,  and  a  cyanide 
solution  is  almost  completely  converted  into  KHCO.^  by  exposure  to 
air  for  a  long  time.  It  is  sometimes  supposed  that  KjCOa  is  the 
product,  but  this  is  incorrect  I  have  done  a  number  of  experiments  to 
test  the  action  of  carbonic  acid.  For  example,  I  compared  the  cyanide- 
destroying  powers  of  HNO..,  and  HgCO..,  as  follows  :  25cc.  of  KCy 
solution  were  titrated  and  used  9.82cc's  of  N/10  silver  solution,  but  on 
mixing  with  50cc.  of  CO.,  -  water  (equal  to  4.32cc.  of  N/10  HCO,H),  the 
titration  gave  8.67cc's  of  AgXCj.  On  mixing  the  cyanide  with 
4.32cc's  of  N/10  HNO3,  the  titration  gave  8.75cc's  of  AgNO.,. 
Thus  H.,CO;,  caused  a  loss  of  lI-S^7o  ^^  the  cyanide,  as 
compared  with  13.3''7o  destruction  by  HNO,  in  equivalent  quantity. 
On  doubling  the  quantity  of  CO.,  the  destruction  of  cyanide  was 
25.8^/^,  whereas  double  the  quantity  of  nitric  acid  caused  a  loss  of 
cyanide  =  34^/^,.  From  this  we  see  that  although  KjCOj  is  a  very 
weak  acid,  it  is  so  much  stronger  than  HCN  that  it  expels  it  from  its 
salts  almost  as  much  as  HXOj,,  the  type  of  a  strong  acid.  It  does  not, 
however,  effect  KAgCy^  because  the  latter  contains  the  ions  K*  and 
AgCy'.,  but  not  the  ion  Cy'  to  any  appreciable  extent.  In  the  presence 
of  potassium  iodide,  however,  CO.,  does  cause  precipitation  from 
KAgCy.j  .solution. 

Another  source  of  loss  of  cyanide  is  the  presence  of  acid  salts  in 
the  ore.  The  action  of  free  acid  is  so  obvious  that  it  need  only  ])e 
mentioned.  The  action  of  acid  salts  depends  on  their  hydrolysis, 
leading  to  potential  free  ivcid  ;  the  effect  on  cyanide  is  here  again  due 
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to  H*  ions,  and  these  are  formed  when  the  base  of  the  salt  is  a  weak 

one.     Just  as  cyanide,  the  salt  of  a  weak  acid,  hydrolyses  into  undis- 

sociated  acid  and  dissociated  base,  so  does  a  salt   of  a  weak  base  like 

ferric  sulphate,  hydrolyse  into  undissociated  base  and  dissociated  acid, 

e.g.  Fe2(S04)a  hydrolyses  into  Fe(OH):,  and  H*   and  80;^  ions.     The 

action  of  Fc^lSOJ.,  on  cyanide  is  thus  not  directly  Fe.,(804)., -f  6KCy  + 

6ajO  =  2Fe(OH>,  +  6HCN-|-3K,80„  but   is  simply  the   ionic  actions 

r2Fe--f6H-  +  6(OHy  =  2Fe(OH),  +  6H)      ,     ,.    "^  i  ,  ,    • 

1  H'  +  Tv— HPN  I    Ano^"^^^'^''y  deleterious  HI- 

gredient  of  the  same  class  is  MgSO^  in  the  water,  the  reaction  is  Mg"  + 
20H^  +  2H-,  =  Mg(OH),+i>H-. 

The  action  of  ferrous  salts  is  different,  for  here  the  cvam'de  is' not 
converted  into  HCN  but  into  ferrocyanide.  The  reaction  is  simply 
Fe-  +  6Cy\  =  FeCy„"". 

To  counteract  all  the  foregoing  causes  of  loss  of  cyanide  it  is  cus- 
tomary to  add  caustic  lime  ;  this  is  fairly  satisfactory  but  far  from 
perfect.  As  we  have  seen,  the  hydrolysis  is  only  slightly  diminished 
by  a  considerable  quantity  of  alkali,  but  on  the  other  hand  lime  is  a 
complete  remedy  for  dissolved  CO^.  J?or  free  acid  and  acid  salts  it  is 
fairly  satisfactory  when  pure  but  since  the  product  CaS04  has  a 
distinct  action  on  cyanide  (owing  to  the  fact  that  CaCy..  is  more  sub- 
ject to  hydrolysis  than  KCy),  it  would  be  far  preferable  to  u?e  a  mixture 
of  lime  and  caustic  soda.  The  practice  of  using  crude  lime  containing 
much  carbonate  is  very  wasteful,  since  the  carbonic  acid  produced  is 
itself  a  "cyanicide."  Even  caustic  alkali,  however,  is  no  protection 
against  ferrous  salts,  since  ferrous  hydrate  reacts  with  cyanide  to  form 
ferrocyanide.  Again,  ferrous  hydrate  is  \ery  deleterious  to  the  cyanide 
process  in  another  way,  mz.,  by  possessing  a  strong  affinity  for  dissolved 
oxygen.  Thus  the  addition  of  lime  to  a  gold  ore  containing  feiTous 
sulphate  will  cause  most  of  the  dissolved  oxygen  of  the  water  to  dis- 
appear and  the  gold  cannot  therefore  ])e  extracted  unless  the  solution  is 
thoroughly  re-aerated.  The  ordy  other  important  Ciiuse  of  loss  of  cyanide 
is  the  presence  of  compounds  of  base  metals.  These  act  just  like  ferrous 
iron  by  forming  complex  anions  with  the  Cy\  Thus  in  the  case  of  copper 
we  have  the  formation  of  KCuCw  If  the  copper  is  present  as  cuprous 
salt,  it  is  formed  directly,  Cu20-f-4Cy'-f  H.^  =  2CuCy\.  (anion  of 
potassium  cuprosocyanide)-f20H' (alkali).  In  the  case  of  a  cupric 
salt,  free  cyanogen  is  liberated  in  addition  and  the  ioinc  equation  is 
2Cu-  •  -f-  6Cy '  =  2CuCy  \, + C.N, 

AVith  regard  to  the  subject  of  destruction  of  cyanide,  I  notice  in 
our  literature  fre<juent  references  to  an  entity  called  "  protective 
alkali ''  round  which  much  discussion  seems  to  have  raged,  with  the 
confusion  of  thought  usual  when  conflicting  definitions  of  the  subject 
of  the  discussions  are  in  use.  Now  in  the  light  of  the  ion-theory, 
**  protective  alkali  "  is  nothing  else  than  OH'  ions,  for  these  are  the 
oidy  ions  which  are  attacked  before  Cy'  ions  when  a  substance  of  acidic 
character,  (viz.,  containing  H- ions)  is  present.  There  is  no  acid 
weaker  than  HCN  (except  phenol),  hence  KCy  can  only  be  pro- 
tected by  hydroxides.  The  protection  afforded  by  normal  sodium 
carbonate  is  simply   due   to   its   slight   hydrolytic   dissociation   into 
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N 

NaHCO.j  and  NaOH   (about  3%  in  —  solution),    but  as  soon  as  the 

10 
latter  (or  its  OH'  ions)  is  used  up  by  a  cyanicide,  more  hydrolysis  occurs, 
and  so  on  until  all  the  NaOH  (equal  to  half  the  original  carbonate) 
has  been  utilised  as  a  protector.  Hence  the  definition  that  protective 
alkali  is  ''all  the  hydroxides  and  half  the  alkaline  carbonates  present." 
The  reactions  are  (1)  CO^'  +  H'  +  OH'  (from  water)  =  CO3H' -f  OH'  (2> 

CO,H-fOH'  +  H-  (from  the  cyanicide)  =  CO,H' +  H^O.  To  be  exact, 
the  final  stage  is  an  equilibrium  between  H*  and  the  two  anions  OH'  and 
Cy'  so  that  the  protective  action  is  really  rather  less  than  one  half  of 
the  Na.jCO:{  present.  The  OH'  groups  present  in  a  cyanide  solution 
are  determined  by  Clennel's  method,  the  principle  of  which  consists  in 
removing  the  Cy'  groups  with  silver  solution  before  titrating  with  acid. 
If  the  Cy'  groups  were  not  removed,  they  would  constantly  react  with 
the  water  to  form  HCN  and  OH'  as  previously  explained  and  we 
should  determine  the  alkali  corresponding  to  the  KCy  present  as  well 
as  the  protective  alkali.  The  reactions  are  2Cy'  +  0H',  4- Ag*  = 
AgCy'.^  +  OH'.  Then  on  titrating  with  N/10  oxalic  acid  with  phenoTph- 
thalein,  we  have  AgCy'a  +  OH'  +  H*,  =  AgCy'a  +  HgO.  Phenolphthaleir* 
is  a  stronger  acid  than  HCN  which  is  the  reason  why  it  is  not  liberated 
from  its  red  potassium  derivative  until  practically  all  the  KCy  ha& 
l)een  decomposed,  but  if  the  solution  contains  not  KCy  but  KAgCy^, 
the  phenolph thalein  is  liberated  from  its  coloured  salt  as  soon  as  all 
the  OH'  has  been  neutralized.  If  lOOcc.  of  cvanide  solution  be  taken,, 
each  cc.  of  N/IO  oxalic  or  sulphuric  acid  corresponds  to  .004%  NaOH, 
.0056%  KOH,  .0028%  CaO,  .0037%  Ca(OH)a.  or  to  .0017%  OH'.  In 
consequence  of  adherence  to  the  older  theories  there  is  much  confusion 
as  to  what  terms  alkalinity  is  reported  in.  It  would  be  much  clearer 
to  report  in  terms  of  OH',  the  real  cause  of  the  alkalinity,  to  say 
nothing  of  its  scientific  accuracy.  Some  of  you  may  be  interested  in 
the  cause  of  the  colour  change  on  adding  alkali  to  phenolpbthalein. 
It  has  l)een  shown  by  Armstrong  that  nearly  all  coloured  organic  com- 
pounds have  a  constitution  analogous  to  quinone,  namely  a  double- 
linked  benzene  ring.     Phenolph  thalein  has  the  constitution  (I.).   Fig.  2. 

When  it  meets  with  alkali,  (i.e.,  OH'  groups),  the  linkage  breaks 
at  the  dotted  lines,  and  the  anion  of  the  red  salt  is  formed,  the  under- 
lined H  is  removed  by  the  OH',  and  the  negative  charge  of  the  OH' 
goes  to  the  coloured  anion,  which  has  been  formed. 

The  formula  of  the  coloured  ion,  (with  quinonoid  linkage),  is  (II.) 
Conversely  by  adding  an  acid,  (H*  ions)  to  this  compound  the  H*  ion 
joins  on  to  the  quinone  oxygen  and  the  free  bond  of  the  other  oxygen 
joins  up  to  the  central  carbon,  thus  regenerating  the  original,  elec- 
trically-neutral and  colourless  phenolphthalein. 

Coming  now  to  the  actual  process  of  gold  extraction,  we  must 
remember  that  even  a  pure  cyanide  solution  is  a  very  complex  things 
but  nevertheless  it  is  only  the  ionised  cyanogen  and  the  dissolved  (but 
not  ionised),  oxygen  which  c^use  the  solution  of  gold.  Metallic  gold 
is  not  ionised  and    has  indeed  only  an  extremely  small  tendency  to 
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assume  the  ionic  state,  that  is  to  say,  its  affinity  for  the  positive  elec- 
tron is  very  much  smaller  than  that  of  hydrogen  ;  in  fact,  it  is  only  hy 
supplying  a  large  quantity  of  external  energy  that  it  can  be  got  to 
assume  the  ionic  state.  For  example  the  solubility  of  gold  in  chlori-ie 
water  is  really  accomplished  at  the  expense  of  the  energy  due  to  the 

freat  tendency  of  Clo  to  ionise  into  CV.  2Au-f  3Cl.^,=  2Au  •  -j-CCr. 
n  view  of  this  it  is  reallv  extraordinary  that  gold  should  dissolve 
easily  in  the  cold  by  the  aid  of  KCy  and  O.^,  which  are  both  in  themselves 
exceedingly  indiffei-ent  substances.  The  older  theories  do  not  account 
for  this,  even  with  the  aid  of  thermochemistrv,  and  it  is  only  the  ionic 
theory  which  gives  a  satisfactory  explanation.  This  explanation  is 
that  the  product  KAuCy-j  is  not  a  salt  of  gold,  but  the  potas.sium  salt 
of  a  complex  acid  ;  that  there  is  therefore  no  necessity  for  much  exter- 
nal energy,  since  there  is  no  formation  of  gold  ions.  Again  it  is  the 
general  rule  that  **  noble  ''  (difficultly  ionisable)  metids  are  just  the  ones 
which  easily  form  stable  complex  anions  with  cyanogen  f.fj.  Pt,  Ag. 

The  function  of  the  atmospheric  oxygen  has  given  rise  to  some 
iliscussion  an<l  it  is  not  so  e.isv  to  understand  as  it  looks.  The  original 
equation  of  Eisner,  4KCy  +  2Au +  0  + H.,0  =  2AiiKCy.,-f  2K0H,  is 
misleading  since  there  is  no  atomic  oxygen  in  the  solution  and  the 
energy  recjuired  to  separate  the  molecules  of  gjiseous  oxygen  into  atoms 
is  liable  to  be  lost  sight  of.  The  doubled  eciuation,  8KCy  +  4Au  +  0.^  + 
2H.^O  =  4KAuCy.j4-4KOH,  has  been  verified  experimentally  so  far  as 
the  ratio  4Au:0.^  is  concerned.  In  the  ionic  form  the  equation  reads, — 
^Cy'  +  4 Au  +  0.,=4 AuCy./  +  20''  (secondary  ion  of  water).  Then  since 
the  dissociation  of  the  second  H  atom  of  water  is  immeasurablv  small, 
this  ion  reacts  with  water  to  form  0H\  viz.,  0"+H.^,0— (20H') 
Combining  the  two  we  have, 

8Cy'  +  4  Au  +  0,  +  2H.,0=:4  AuCy.;  +  40H' 


all  non-ionised. 
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In  opposition  to  this  theory  BofUander  in  his  "  Chemie  des 
Cyjinidverfahrens,"  has  suggested  that  hydrogen  peroxide  is  formed  as 
an  essential  factor  in  the  reaction,  and  by  performing  the  experiment 
in  presence  of  lime,  has  actually  obtained  hydratod  CaO.,  in  the  reaction 
to  the  amount  of  nearly  70%  of  the  theoretical  amount.  The  ecjuations 
which  he  puts  forward  are,  — 

(1).     4KCy  +  2Au  +  O,  +  2H.,0=2K  AuCy,  +  2K0H  +  H.,0.. 
(2).     4KCy  4-  2Au  +  HA=2K  AuCy,  +  2koH, 
whence,  by  addition,  we  obtain  Eisner's  equation. 

Now,  although  the  second  equation  is  perfectly  substantiated  by 
-experiment,  it  seems  to  me  that  the  first  one  is  impossible.  It  may  be 
split  into  several  minor  equations  (1)  conversion  of  O.^  into  atomic 
•oxygen,  (2)  combination  of  oxygen  and  water  to  H.jO..,  (3)  interaction 
of'^4KCy  +  2Au  to  form  2KAuCyo4-2K,  (4)  combination  of  2K  with 
oxygen.  Now  the  first  three  reactions  do  not  occur  of  their  own 
a,ccord,  i.e.,  their  heat  of  reaction  is  negative  and  it  is  hardly  creib'ble 
in  absence  of  the  actual  thermal  data,  that  the  last  reaction  can 
<,*ompensat«  for  all  the  absorption  of  energy  due  to  the  first  three.  As 
regards  lk)dlanders  experiment  in  presence  of  lime,  it  is  possible  that 
the  heat  evolved  in  the  formation  of  the  solid  CaO.^  just  suffices  to 
make  the  whole  heat  of  reaction  positive,  whereas  it  would  otherwise 
he  negative.     This  reaction  would  thus  read  (using  the  ions),  — 

4Cv^  +  2Au  +  0.,+Ca--2AuCv.;  +  rr-0  +  Ca=:2AuCv;  +  CaO... 
However,   I  am   very  uncertain  about  this.     The  comparison  of  the 
reaction   with  an  ordinary  catalytic  action  is  quite  misleading.     If  we 
take  the  case  of  the  formation  of  H.2SO4  from  H.^yO..,  and  NO.^  we  have 
the  two  equations, — 

NO,:-H.^O,  =  H.^O,-:-KO  1  4KCy  :2Au.i-0.,  =  2KAuCv.,i  K,0, 

NO;-iO,=  NO,  /  4KCy-:-2AurKA:-2H.,0-i2KAuCy,:KOH 

i.e.,  in  the  formation  of  sulphuric  acid,  a  theoretically  infinite  amount 
of  H.ySOa  is  oxidised  at  the  expense  of  the  atmospheric  oxygen  l)y  a 
fixed  quantity  of  NOg.  whereas  in  the  solution  of  gold  once  the  HA 
has  decomposed  ])y  the  second  reaction,  the  reduced  compound  (^-iz., 
water),  has  no  tendency  to  return  to  the  state  of  peroxide.  It  is 
iHJcause  NO  will  combine  with  oxygen  even  in  presence  of  8O0,  that 
the  sulphuric-acid  process  is  possible,  and  it  is  just  because  the  reaction 
H20  +  |03=HA  does  not  occur  per  se,  that  I  think  that  Bodlanders 
theory  is  a  perpetual  motion. 

Another  erroneous .  idea  that  occurs  in  the  literature  is  that  it  is 
possible  for  potassium  Auricyanide  (KAuCy4),  to  result  from  the 
ordinary  leaching  process.  Even  such  a  reliable  authority  as  Ostwald 
gives  the  following  reaction  for  the  solution   of  gold  in  cyanide — 

sKCy  +  2  Au  +  20,-h  4H,0=2K  AuCy,+ 6K0H  +  HA 
I  am  afraid  that  this  reaction  is  wholly  imaginary,  for,  not  only  is  the 
ratio  of  Au  to  oxygen  used  incorrect,  but  also  there  is  no  experimental 
evidence  to  show  that  KAuCy^  can  actually  be  forjued  from  gold  and 
cyanide.  Perhaps  the  Association  may  be  interested  in  seeing  some  of 
these  substances  in  a  tangible  condition.     I  have  prepared  specimens  of 
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AuCN,  KAiiCy,„  NaAuCy.^  KAuCy4,  KAu(SCy)2,  and  KAu(SCy)4  foi 
the  purpose  of  examining  them  under  the  polarising  microscope  and  I 
find  that  this  is  a  reliable  method  of  identifying  these  substances  in 
small  quantity.  Both  K-  and  Na-aurocyanide  give  crystals  which  in 
polarised  light  give  a  magnificent  violet  colour  with  nearly  straight 
extinction,  whereas  KAuCy4  gives  none  or  only  a  pale  j-ellow  colour 
and  forms  thin  hexagonal  crystals.  AuCN  forms  insoluble  sulphur 
yellow  hexagonal  plates.  KAu(SCy).,  is  pale  yellow,  and  KAu(SCy)4 
is  brownish-orange.  Both  of  the  latter  are  unstable  and  deposit  their 
gold  easily  ;  even  warming  with  alkali  decomposes  them.  KAuCya 
forms  rather  sptiringly  soluble  crystals  frequently  arranged  in  six-rayed 
stars  with  points  resembling  octahedra,  NaAuCy.^  is  very  soluble  and 
forms  very  thin  plates  which  are  strikingly  lustrous.  KAu(SCNlj  ia 
probably  the  fonn  in  which  gold  dissolves  in  ferric  sulpho-cyanide,  but 
I  carniot  succeed  in  isolating  it  from  this  solution  because  of  its 
instability. 

It  has  already  been  shown  that  the  reason  why  gold  dissolves  in 
cyanide  is  that  the  oxygen  removes  the  extra  negative  charges  of  the 
cyanide  left  over  on  forming  aurocyanide — the  equation  being — 
8Cy'  +  4Au  +  0.2— 4AuCy./  +  20'\  By  studying  this  we  can  ascertain 
the  factors  which  aid  the  reaction  and  those  which  slow  it  down.  We 
can  accelenite  the  reaction  by  increasing  cyanide  and  ox\'gen  together 
since  by  the  mass  action  law  the  velocity  of  reaction  is  proportional  to 
the  quantity  of  oxygen  multiplied  by  the  eighth  power  of  the  cyanide 
concentration.  Unfortunately  the  solubility  of  oxygen  diminishes  as 
the  cyanide  increases  and  we  are  forced  to  a  compromise  between  them. 
I  believe  that  wonderfully  rapid  extractions  could  be  obtained  if  the 
leaching  could  be  done  in  closed  vessels  under  pressure  so  as  to  increase 
the  oxygen  concentration.  Again  the  reaction  will  be  slowed  down  by 
increasing  the  alkalinity  (since  that  is  one  of  the  reaction  products), 
and  it  is  possible  that  too  much  lime  may  be  sometimes  used.  How- 
ever, it  seems  to  be  generally  thought  that  lime  is  one  of  those  good 
things  of  which  we  can't  have  too  much.  Again,  if  Bodliinder  is  correct, 
and  hydrogen  peroxide  is  foniied,  it  will  slow  the  reaction  if  it 
accumulates. 

Bromocyanide. — Manv  inventors  have  been  struck  with  ideaa 
for  doing  away  with  the  necessity  for  oxygen,  and  in  fact  any  sub- 
stance capable  of  taking  two  negative  charges,  will  accelerate  the 
pnxvs.s.  This  is  well  seen  on  examining  Bettel's  experiments  done  in 
absence  of  air.  Those  oxidising  agents  such  as  KClO;,  which  cannot 
take  up  more  charges,  have  no  effect.  The  following  are  ionic 
etjuations  for  some  of  the  best  known  substances. 

(1).   Cvanogen      bromide,      (so  called    *M)romocvanide'')=CNBr 
*  3CV  +  2Au  +  CNBr=2Au(V..+Br\ 

(2).  Potassium    ferricvanide. 

2Cy '  +  Au  +  FeCy;"---  A  uCy  \,  +  Feby.,  "'^ 

(.S).  Bromine  water. 

4Cv'-h2Au  +  Br..=2AuCv\.+2Br\ 
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Nevertheless  none  of  these  reactions  are  quantitative  since 
cyanide  itself  is  easily  destroyed  by  oxidation.  In  the  case  of  cyanogen 
bromide  it  is  of  vital  importance  that  free  alkali  should  be  absent, 
siiice  alkali  decomposes  it  almost  at  once.  Judging  from  the  analogy 
of  the  behaviour  of  CNI  the  reaction  must  be, — 3KOH  +  3CNBr, 
=3HCN  +  2KBr  +  KBrO,,  or  in  ions— 30H^  +  3CNBr,=3HCN  + 
2  Br'4-BrO\„  i.e.  the  substance  is  wasted  since  KBrO,,  is  not  an 
oxidizing  agent  towaixis  gold.  If  however,  no  excess  of  alkali  is^ 
used  it  is  probable  that  the  reaction  is,— K0H4-CNBr=K0Br  + 
HCN,=KBr+HOCN,  the  latter  then  hydrolysing  to  CO^+NH;,, 
which  will  account  for  no  cyanide  being  found  after  the  action  has. 
occurred. 

Mr.  Alfred  James  has  confirmed  this  destruction  of  bromocvanide 
experimentally,  but  without  explaining  it.  He  gives  an  experiment 
in  which  after  distilling  with  NaHCOg  ("to  drive  off  cyanogen"), 
and  acidifying,  he  got  the  theoretical  quantity  of  KBr  corresponding 
to  the  equation  Kuy-f  CNBr=KBr-f  CgN-i-  I  think  however  that 
the  true  reaction  is,— 3KCy-f-3CNBr  +  3H20,=2KBr  +  KBrO,-f- 
6HCN.  On  acidifying,  the  HBr  and  HBrO^  react  to  form  bromine 
which  is  thus  fully  titrated  with  silver,  using  the  same  amount  as  if 
James'  equation  were  true.  Again  the  beneficial  effect  of  CNBr  is  so 
much  greater  than  that  of  cyanogen  (CaN^),  that  the  effect  must  be 
ascribed  to  the  tendency  of  the  Br  to  ionise  and  so  remove  the  extra 
negative  charge  left  over  on  converting  2Cy'-f-Au  into  AuCy\j 

Precipitation.— The  recovery  of  the  gold  from  cyanide  solutions, 
is  eft'ected  mainly  by  the  use  of  galvanic  couples  of  which  zinc  forms 
the  more  electro-positive  element  (pure  zinc  is  almost  ineffective  as. 
a  precipitant),  and  also  by  electrical  precipitation  In  both  cases,  as 
Mr.  Caldecott  has  pointed  out,  the  effect  is  really  a  reduction  by 
"nascent  hydrogen"  and  is  therefore  not  an  ionic  reaction  and  is 
therefore  not  quantitative.  In  cyanide  solutions,  the  galvanic  couples, — 
zinc  lead  and  zinc-gold,  decompose  water  continuously  because  the 
zinc  takes  on  the  charges  of  the  hydrogen  ions  present  and  yet  zinc  ions, 
cannot  accumulate  to  stop  the  reaction,  because  they  are  continually 
converted  into  ZnCy/'  ions.  The  reactions  are, — Zn4-2H-,=Zn-  + 
2H,  (nascent  hydrogen),  and  Zn'  +  4Cy\=ZnCy4".  The  nascent 
hydrogen  then  reduces  the  aurocyanide,  but  this  reaction  is  an 
intra-ionic  one  and  is  therefore  slow  and  incomplete,  AuCy'.^4-H= 
Au -f- Cy' -f- HCN,  or  since  alkali  is  alwavs  present,  (viz.  OH'  groups), 
AuCy\,  -f-  OH'  -f-  H=:  Au  -j-.^Cy'  +  H.O. 

The  action  of  the  electric  current  is  exactly  the  same ;  uncharged 
H  atoms  are  liberated  and  reduce  the  aurocyanide  in  the  fluid 
surrounding  the  kathode,  but  as  the  aurocyanide  ions  are  comparatively 
infrequent,  most  of  the  H  atoms  have  to  combine  with  each  other, 
forming  gaseous  hydrogen  and  wasting  energ\''  Of  course  the  same 
in  true  of  the  zinc  process.  The  old  equation, — Zn  +  2AuKCy.2,= 
K2ZnCy4 -H  2 Au,  is  not  only  inconsistent  with  the  facts,  but  is  im- 
possible according  to  the  ionic  theory,  since  KAuCy.j  contains  no  gold 
kations,  (as  is  shown  by  its  not  reacting  with  SnCl.^). 
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There  are  two  chief  sources  of  cyanide  loss  during  extraction,  viz., 
(ii),  lass  of  vohitile  HCN  which  is  mechanically  removed  with  the 
hydrogen  bubbles,  (b),  formation  of  methylaniine  by  reduction  of 
I'vanide  bv  nascent  hydroeen.  The  former  loss  is  due  to  hvdrolvsis 
of  the  cyanide  into  free  alkali  (ionised),  and  non-ionised  HCN,  Now 
ions  are  not  volatile,  therefore  the  alkali  stavs  behind  and  the  HCN  is 
carried  otf  bv  the  bubbles  of  hydrogen.  The  loss  is  least  with  weak 
solutions,  which  are  less  hvdrolvsed. 

\h).  With  re^nl  to  methylaniine,  this  is  formed  by  a  non-ionic 
reaction  between  HCN  ajid  nascent  hydrogen,  the  equation  being 
HCN-h4H=-CH,.NH..  This  is,  I  think  the  chief  cause  of  the 
ammoniacal  smell  of  the  zinc-lH>xes,  although  doubtless  a  little  ammonia 
is  formeil  bv  the  hvdmlysis  of  HCN  into  ammonia  and  formic  acid, 
HCN  ^JHeb^NHVCHb, 

OBSTArLEs  TO  Pkiccipitation. — The  gi-eat  waste  of  zinc  it.self  is 
ilue  lo  the  excessive  E.M.F.  of  Zn-Pb  and  Zn-Au  couples  which 
4leei>mpc»!k»  water  of  themselves,  but  this  nevertheless  is  essential  for  the 
rapid  fomiation  of  nascent  hydn>gen.  Th(»  zinc  becomes  coated  with 
its  hviln>xide  and  the  action  will  eventually  stop  indess  the  coating 
is  removeil-  The  usual  custom  is  to  drip  sti*ong  cyanide  solution  into 
the  head  of  the  lx>x.  This diss*^>lves  the  Zn(OH).^with  partial  formation 
<4  soluble  K*ZnCv.-  The  coatinir  contains  also  almost  invariably  zinc 
lerroevanide  which  is  much  more  retiactorv  and  in  this  case  it  has  been 
fivaibi  atlvaniage^nis  to  diss*>lve  the  coating  with  HjS04  and  use  the 
s» •Uu ion  of  ZnSO^  to  precipitate  (in  a  separate  vessel)  the  excess  of 
fem>cvani*ies  in  the  solution.  This  is  very  crude  :  it  would  sui*ely  W 
pr>?lerable  to  prvveni  the  fonnation  oi  ferrocyanide  at  the  l»eginniiig. 
A  further  explanation  of  the  formation  of  this  ctwting  has  l»een  put 
f'>rw-ani  by  B»>llander,  viz.,  that  it  is  due  to  a  dirt»ct  action  of  hydn»gen 
»r>>3ti«ie  •»«  therinc.  He  shows  that  hydrv^gen  pen>xide  is  first  formeii 
a:  ibe  rxpen*e  oi  the  dissi»lvetl  oxygen  of  the  solutimi  ami  is  then  useil 
zp  in  '•3c>iis:n5  mone  zinc,  so  that  this  iroes  on  until  all  the  ilissolvi»<l 
•  •xT^^n  has  ^-c^n  destn>ye^^l.  Cn^sse's  determinations  have  shown  that 
ib^  »»!u:>«r-s  are  in  fact  free  fn>m  oxygen  after  passing  the  extnictor- 
<•  -x^-     Tbt-  reacii«Mis  an? — 

s  .    Zn  ^  4Cv  - O,  -  JHA)  -  ZnCv;  ^  '2{0\\)  -  HO. 

^•-  -     HiO^-Zn  =  ZmOHt  ^the  ci^ting), 

^^*  rfAe::-  -n  :>  nea^ •liable  siiK^e  xinc  reacts  with  cvanide  without  the 
•:  '-xT^n.  Tberv  are  many  lauses  of  Ivid  precipitation,  but 
V  ?;k>i  ;••  act  bv  the  zim'  iiettini:  coatc^l  with  a  laver  which 
prfve-ri*  .><ii4ci  Wtweien  the  ••nascent  hydrogen*  and  the  auro- 
cT:ar>.>£?«i  kttsv  The  chief  factor  is  generally  suppivsicii  to  Ix*  tOi>  great 
alkaiinriT.  *«g:  :be  ••nlv  «her  factor  of  si-ientitio  interest  is  the 
oci*:^r>>us  anioc  of  c»>pper  in  the  s*.4ution,  which  is  precipitated  fnmi 
dihs:^  sc^-jti"-*!*  >^fc<^  the  p>J^i  aixi  c^iats  the  zinc  w^ith  an  aiihcrent 
ilxa.  This  is  dae  :•:•  oc»pf]irr  c»>ming  nexi  in  onler  of  K.M.F.  to  zinc 
in  cyanide  six^tico^.     Tin  aad  si!ver  also  pn?ceilc  gold. 

I  tkink  I  li*\e  t»w  gone  overall  the  salient  }KMnts  of  the  cyaniiie 
pr:t!^e«5i  fT*>ir»  :be  T>cwerp<r;:  c*:  \irw.  Ai>i  in  ciMichniing  must  aix^logisc 
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for  the  inordinate  length  to  which  my  interest  in  the  suhject  has  led 
me,  for  I  cannot  escape  seeing  that  my  contribution  resembles  the 
skeleton  of  a  treatise  on  the  subject,  and,  bulky  as  it  is,  has  been  com- 
pressed almost  beyond  the  limits  of  intelligibility.  I  have  in  many 
places  given  utterance  to  un  orthodox  views,  and  I  hope  that  they  will 
not  be  passed  over  in  silence,  and  that  the  discussion  may  help  to 
crystallise  the  somewhat  diffuse  idejis  that  are  occasionally  held  in 
cyaniding  circles. 


4.    REDUCTION  WORKS   CHECKS  AS   PRACTISED  ON 

THE  RAND   GOLD   MINES. 

By  E.  H.  Johnson. 

[Plate  III.] 

I  am  unaware  whether  the  somewhat  crude  title  is  in 
itself  sufficiently  explanatory  for  the  purpose  of  this  paper  or 
not,  but  it  would,  perhaps,  be  wiser  to  elucidate  somewhat  the 
meaning  that  is  attached  to  checks  on  reduction  work  as 
applied  to  Rand  Gold  Mining.  It  is  the  effort  to  obtain  accu- 
rate information,  continuously,  of  the  values  before  and  after 
metallurgical  treatment,  and  deduce  therefrom  the  degree  of 
efficiency  obtained.  It  is,  in  effect,  the  accountancy  side  of 
the  metallurgy  of  gold,  and  is  computed  from  the  results  of 
careful  sampling  and  assaying.  It  serves  the  purpose  of  deter- 
mining the  degree  of  skill  and  honesty  with  which  the  work  is. 
conducted,  the  amenability  of  the  ore  to  the  treatment  to  which 
it  is  subjected  (a  somewhat  variable  quantity  even  in  this  uni- 
form proposition),  and,  most  important  of  all  from  the  metal- 
lurgical standpoint,  to  indicate  the  lines  of  least  resistance 
where  possible  improvement  may  be  effected. 

The  evolution  of  present  systems  of  checking  and  record- 
ing reduction  works  values  and  extractions  correspond* 
chronologically  with  the  development  of  the  various  processes 
of  gold  recovery  and  the  classification  of  the  ore  into  the  pro- 
ducts which  these  processes  necessitate. 

From  1887  to  1890  the  only  process  of  extraction  in  opera- 
tion on  these  fields  was  that  of  amalgamation,  supplemented  in 
some  cases  by  blanket  strakes,  buddies,  and  in  a  few  rare  in- 
stances by  Frue  vanners.  The  products  of  these  accessory  devices 
were  treated  in  Wheeler  or  Berdan  grinding  pans  or  by 
analogous  systems  of  amalgamation^  so  that  the  total  gold 
product  was  the  result  of  amalgamation.  Under  these  circum- 
stances the  value  of  the  ore  was  regarded  as  the  amount  obtain- 
able by  amalgamation — which  was  commercially  true  at  the 
time.  Conversely,  I  have  heard  of  the  tonnage  crushed  beings 
computed  by  the  gold  produced  being  divided  by  the  reputed 
value  of  the  ore.  An  excellent  scheme  of  maintaining  grade,, 
but  liable  to  very  quick  discovery  and  criticism  if  attempted 
under  present  systems.  Little  account  was  taken  in  most  cases 
of  the  value  of  the  residual  sands — still  less  of  the  slimes — 
which  were  more  commonly  regarded  as  an  expensive  nuisance 
which  it  was  desirable  to  get  rid  of.  One  method  of  getting 
rid  of  the  tailings  I  saw  attempted,  was  to  run  them  into  a 
neighbour's  water  dam.  The  result  was  painful  to  the 
attempter.  In  another  case  Is.  per  Scotch  cartload  was  paid 
for  the  disposal  of  15  dwt.  tailings,  which  were  sold  by  the 
carter  to  the  local  builders.  It  was  a  matter  of  common  con- 
gratulation among  Barberton  mill  men  in  1888  and  1889  that 
they  were  saved  the  necessity  of  conservation  of  tailings  by 
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having  a  good-sized,  periodically  flooded  river  to  run  their 
tailings  into.  The  successful  introduction  of  the  cyanide  pro- 
cess by  Mr.  J.  S.  Mc Arthur  in  1890  materially  changed  these 
views.  The  tailings  carried  away  by  the  Queen's  river  (Bar- 
berton),  or  the  Blyde  river  (Pilgrim's  Rest)  would  be  a  com- 
fortable commercial  asset  if  available  to-day. 

Before  discussing  the  important  influence  which  the 
cyanide  process  has  exercised  in  elaborating  methods  of  check- 
ing recovery,  reference  should  be  made  to  the  Plattner  chlorina- 
tion  process,  which  was  early  introduced  on  these  fields  (1890- 
1891),  and  is  still  practised,  as  a  means  of  more  efliciently  deal- 
ing with  the  pyritic  product  of  the  Frue  vanner  and  other 
higher  class  concentrating  devices.  The  checking  of  this  pro- 
duct is  comparatively  simple,  the  high  value  and  comparatively 
■small  bulk  warranting  the  expenditure  of  considerable  labour 
to  insure  accuracy.  Two  works  are  in  operation  on  the  Hand 
at  the  present  day :  the  Robinson  Gold  Mining  Company's  and 
the  Transvaal  Chemical  Company's — the  former  mainly  and 
the  latter  entirely  a  custom's  works.  The  method  here  ccmsists 
of  frequent  sampling,  during  weighing,  for  moisture  deter- 
xaination,  a  large  sample  being  retained  for  quartering  down 
for  the  determination  of  value.  The  final  sample  is  divided 
into  three,  one  assayed  b}'  the  seller,  one  by  the  purchaser,  and 
the  third  reserved  for  reference  to  an  independent  assayer  in 
case  of  disagreement. 

The  introduction  of  the  cyanide  process,  with  its  economic 
re-treatment  of  the  whole  ore,  has  necessitated  the  sampling  of 
enormous  quantities  of  ore  continuously.  When  it  is  remem- 
bered that  a  modern  200-stamp  mill  will  crush  1,000  tons  of 
rock  per  day,  and  this  has  to  be  sampled,  not  once,  but  at  a 
number  of  different  stages,  each  of  which  must  be  determined 
with  the  greatest  possible  accuracy,  the  operation  becomes  one 
of  considerable  magnitude.  It  has  led  to  much  ingenuity 
being  displayed  in  the  design  of  automatic  samplers,  and  there 
are  several  varieties  in  use,  each  having  its  supporters,  which 
^ive  closely  accurate  results.  The  development  to  this  stage  of 
treating  the  whole  of  the  crushed  ore  by  cyaniding  as  well  as 
l>y  amalgamation  has  been  one  of  evolution,  only  sands  having 
been  treated  in  the  first  instance,  followed  by  the  treatment  of 
rough  concentrates  (produced  by  spitzlutte  or  buddies)  in  1894. 
Various  experiments  cm  slimes  treatment  were  made  before  the 
present  decantation  method  was  adopted  in  189G,  notably 
brick-making  and  burning  with  subsequent  dry  crushing  to 
form  a  leachable  product,  and  filter  pressing  in  189:5  (since  so 
successfully  onerated  on  the  rich  slimes  of  Westralia).  Each 
development  has  brought  with  it  the  necessity  of  further 
checkp,  and  efforts  to  further  perfect  methods  are  continuously 
being  develooed. 

The  first  process  of  reduction  commences  with  the  hand- 
picking — or  sorting — of  the  barren  from  the  gold-bearing  rock. 
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the  pebble  constituent  of  the  latter  forming  the  indicator  by 
which  the  native  sorter  distinguishes  the  ore  from  the  waste. 
The  percentage  sorted  varies  on  different  companies  from, 
nothing  to  25  per  cent,  of  the  rock  mined,  the  J^verage  being 
in  the  neighbourhood  of  15  per  cent.  Here  comes  the  first 
need  for  sampling  to  ensure  that  the  rock  eliminated  is  really 
valueless.  It  is  one  of  the  most  difficult  samples  to  obtain 
accurately  on  account  of  the  large-sized  pieces  of  rock  dis- 
carded. I  am  afraid  the  only  economical  means  of  sampling 
this  product  with  absolute  accuracy  is  to  induce  the  local 
county  council  equivalent  to  erect  road-metalling  stations  at 
our  waste  dumps.  So  far  they  do  not  appear  enthusiastic, 
although  the  conditicm  of  our  roads  proves  the  philanthropy  of 
the  suggestion. 

Samples  of  the  ore  ai*e  occasionally  taken  during  the 
transit  of  the  ore  to  the  mill  and  at  the  feed-chutes,  but  the 
usual  practice  is  to  determine  values  from  a  sample  taken  from, 
the  fnmt  of  the  screens — especiallv  where  inside  amalgamation 
is  not  practised.  The  oi*e  being  then  pulverized,  a  more  accu- 
rate siimple  can  be  (obtained  from  a  smaller  quantity  than  is 
passible  from  a  much  lai*ger  sample  of  the  uncrushed  ore.  A 
rlever  device,  designed  by  Mr.  Adams,  of  the  General  Mining 
and  Finance  Corporation,  to  take  this  sample  automatically 
has  been  tried,  but  the  excessive  vibration  <^f  the  mill  rendered 
inopt»rativt*  what  would  otherwise  have  l>een  a  most  useful 
instrument. 

The  pulp  leaving  the  mill  after  amalgamation  is  sampled 
automat irally.  The  automatic  device  consists  in  causing  a 
<lottetl  pipe  ti>  traven^e  the  stream  of  pulp,  either  vertically  or 
horizontally — the  latter  is  more  accurate  at  intervals  of  time 
Mir  continuously,  as  in  the  lligham  sampler"^,  the  portion  pass- 
ing through  the  slot  forming  the  sample.  Duplicate  samples, 
beforv  entering  and  on  leaving  the  elevator  wheel,  are  fre- 
quently taken  to  form  a  check  sample.  Another  automatic 
sample  is  taken  after  concent  nation,  and  again  after  separation 
of  the  >ands  before  entering  the  slimes  plant.  The  spitzlutte 
prr-irj.  t  is  usually  hand  s;uupleil.  The  determination  of  values 
of  f-a*  L  of  these  pnMlucts  again  after  treatment  gives  the 
np^itiual  value,  and  the  diflfenMice  the  extraction.  The  graphic 
(iiagram  given  on  Plate  III.  i>f  the  nunitications  of  sampling  and 
goM  dfttrm illation  necessitate*!  bv  our  present  metlnxls  of  reduc- 
tion will  f^ive  a  mort*  explit^it  idea  oi  the  w(»rk  entailed.  For 
more  dftailt^il  description  of  surfaiH*  s;impling  and  its  limita- 
tions, I  would  rvfer  you  to  an  able  pa^H^r  bv  one  of  our  mem- 
bers Mr.  S.   H.  Peanv  »s*H'  p.  T50,  vol.  2,  Pmc.  Cht  iincal  and 

The  assaying  of  all  thes**  s;unples  must  W  |M^r formed  with 
the  greatest  fH^ssible  degr\H'  of  accuracy,  as  a  small  error 
mnltiplied  bv  the  larg*^  tt»nnagt^  tieated  may  moan  a  serious 
discTt^paney  of  gtdd  in  a  months  run.      It  is  usual  in  nuHlem 
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plants  to  determine  reduction  works'  samples  to  0.05  dwt.  per 
ton,  and  solutions  to  0.025  dwt.  per  ton.  The  determining  of 
the  gold  to  0.05  dwt.  per  t(m  is  equivalent  to  the  determination 
of  one  part  in  eleven  millions  six  hundred  thousand,  wdiieh 
needs  careful  work,  and  yet  is  equal  to  1^  per  cent,  on  a  4  dwt. 
material,  or  to  £-{,600  worth  of  gold  on  the  tonnage  crushed 
yearly  by  a  modem  200-stamp  mill.  The  important  influence 
of  so  minute  an  additional  recovery  as  one  grain  of  gold 
(0.416  dwt.)  per  ton  is  not  generally  recognised  by  the  share- 
holding public,  and  yet  is  well  illustrated  by  a  statement  in 
the  last  Kand  Mines'  report,  where  it  is  shown  that  a  slight 
appreciation  in  the  realisable  value  of  gold  during  the  past 
year,  amounting  to  2d.  per  fine  ounce,  equivalent  to  two-fifths 
of  a  grain  per  ton  crushed,  had  realised  a  sum  of  £5,240  on 
the  year's  operation  of  that  Corporation.  It  may  also  serve  to 
illustrate  the  industrial  axiom  that  the  increased  capital  and 
expenditure  involved  in  skill  and  plant  necessary  to  obtain  the 
highest  possible  degree  of  efficiency,  may  be  compensated  many 
times  by  an  improved  recover^*,  although  the  amount  of  the 
recovery  as  indicated  by  assay  may  be  within  the  margin  of 
the  experimental  error  in  assaying. 

The  methods  of  assaying  practised  are  practically  those 
of  the  text-books  except  in  a  few  minor  details.     The  use  of 
hydrated  fluxes  (r.r/.,  bicarbonate  of  soda,  as  recommended  by 
most  text  books)  is  generally  recognised  as  not  conducive  to 
the  best  work.     The  evaporation  method  of  determining  gold 
in  solution  has  given  way  to  a  large  extent  to  the  more  rapid 
and  accurate  precipitation  method  devised  by  Virgoe  and  im- 
proved by  Whitby.       Besides  those  assays  which  are  directly 
needed  for  the  checking  of    gold    recovery    there    are    many 
**  works  assays  "  needed  for  checking  progress  of  work  and  the 
almost  constant  experimental  working    for    improved    extrac- 
tion.    It  would  be  unfair,  consequently,  to  close    a    paper    of 
this  description   without  expressing  some  appreciation   of  the 
splendid  work  that  is  being  unostentatiously  accomplished  by 
our  Eand  assayers.     The  work  is  exacting,  trying  to  the  con- 
stitution from  the  usual  high  temperature  of  the  assay  office 
and  to  the  eyes  from  the  constant  watching  of  furnace  tem- 
perature.    The  constant  repetition   of  similar  operations  ren- 
ders the  work  to  a  degree  monotonous,  yet    there    is    such    an 
amount  of  enthusiasm  for  greater  accuracy,  more  rapid  work, 
and  general  advancement  of  metallurgical  interests,  that  there 
is  scarcely  a  class  of  workers  to  whom  the    Rand    owes    more 
than  to  its  assajers.     No  department's  work  is  affected  to  so 
large   a   degree   by   experimental    work   as   the   assayer's,   and 
none  accept  it  with  such  avidity.     The  conversion  of  the  R^^mI 
from  a   mining  venture  to  an   industrial  proposition,   capable 
of  mathematical  treatment,  is  largely  the  work  of  the  sampler 
and  the  assayer.     It  is  not  onlv  the  work  itself  which  has  ad- 
vanced in  accuracy  and  amount  under  pressure  from  improved 
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luetluids  of  extraction,  but  has  carried  with  it  to  a  large  extent 
the  education  of  the  mining  financial  public  to  an  apprecia- 
tion of  its  gi*eat  value.  It  may  be  witliin  the  recollection  of 
some  present,  who  were  here  in  the  early  days  of  the  Rand 
and  Barberton,  how  an  assay  office  was  regarded  by  many  as 
an  unnecessarj'  charge  upon  the  capital  and  current  expendi- 
ture. 

There  is  one  other  matter  which  I  should  wish  to  allude 
to,  which  has  some  bearing  on  reduction  works  checks,  and 
which  is  not  generally  very  perfectly  understood — even  locally. 
That  is,  what  is  usually  termed  *'  plant  absorption."  This  will 
always  affect  results  over  three  or  four  months  after  starting  a 
new  plant,  and  subsequently  also,  in  proportion,  if  more  stamps 
are  run.  First,  regarding  amalgamation.  Each  plate  will 
absorb  up  to  75  ounces  gohl.  This  is  permanently  retained  by 
the  plate  under  ordinary  clean-up  conditions,  and  can  only  be 
recovei-ed  by  scaling.  This,  on  a  20()-stamp  basis,  means  the 
permanent  retention  in  the  mill  of  -^,000  ozs. 

Taking  the  same  basis,  a  200-stamp  mill,  running  full, 
will  crush  30,000  tons  a  month.  At  the  end  of  that  time 
9,000  tons,  or  30  per  cent.,  will  still  be  in  the  cyanide  plant, 
either  in  collected  form,  or  in  various  stages  of  incomplete 
treatment,  the  gold  of  which  cannot  be  reckimed  upon,  or  only 
partially.  The  daily  amount  of  solution  to  be  pivcipitated  is 
approximately  2,000  tons,  which  will  require  2,000  cubic*  feet 
of  filiform  zinc,  or  approximately  10  tons  of  zinc,  which 
exposes  an  area  to  the  solution  of  about  20  acres.  The  pi^- 
cipitatcil  gold  is  distributed  over  this  area  according  to  the 
gold  value  of  the  solutions  passinl  through.  The  process  then 
becomes  one  of  concentration,  the  zinc  carrying  the  least 
amount  of  gtd<l  being  brought  forward  to  replenish  the  l>oxes 
of  liiher  solutions  as  the  zinc  of  the  latter  wastes  away,  and 
is  itself  replaced  by  new  zinc.  Estimating  on  the  zinc  i*e- 
turned  to  the  boxes  after  a  clean-up,  amounting  to  T'>  per  cent. 
of  the  total  box  capacity,  and  carrying,  say,  0.7 '>  per  rent. 
I'f  gold,  this  means  that  upwards  of  1,'>00  ouui-es  are  carried 
««v»'r  to  the  fitllowing  mmith.  and,  of  course,  each  succeeding 
ni'^iith.  It  wnuld  Im»  extremely  uneconomical  to  destroy  all  the 
ziiif  ♦-a«h  mi»nth  f«»r  the  purpose  of  recovering  this  g<dd  inime- 
diiU^lv.  In  additinn,  there  are  always  gold-Waring  by- 
prinlM'Ts  pr«Mhncd  in  the  battery  and  cyanide  works,  which  are 
usually  "lilv  tivatcd  or  disposed  of  every  few  months,  and 
hen.-  at  the  stait  their  gi»ld  contents  are  not  available.  It 
Will  W  plainly  seen  fnun  this  that  the  recoveries  from  a  new 
and  well-i-iintlucte  1  plant  do  not  represent  the  full  economic 
value  ni  the  on-  until  these  absi»rptions  are  .satisfied.  These 
an-  liv  !.••  nuaus  ir«»ld  h»>se«4  but  what,  in  aii'ountants'  par- 
lai.«-»'.  wi.!!:  i  be  leinied  **  cai  1  ied  forward." 
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EXPLANATION    OF    PLATE   IIL 

A.  Sample  of  waste  rock. 

B.  Sample  of  ore  to  mill. 

C  Sample  of  ore  taken  from  front  of  mill  screenn. 

D.  Automatic  sample  of  pulp  af t«r  amalgamation.    Difference  between  D  and 

0  equals  gold  extraction  by  amalgamation. 

E.  Amalgam  recovered.    This  is  retorted  (/.<?.,  distilled)  mercury  condensed  for 

re-use.    Residval  spongy  sold  smelted  into  ingots.    Ingots  sampled  and 
assayed  for  pure  (fine)  gold. 

F.  **  Black  -  Sands."     Metallic    impunties   separated  from  amalgam   during 

cleaning.     Usually  carries  6  to  15  oz.  gold  per  ton.     Sold  to  smelters 

on  gold  value. 
<».  Spitzlutte  (hydraulic  classifiers).     Separate  heavier  and  coarser  particles 

from  pulp.    Approxin)ately  10  per  cent,  of  total  pulp  and  2^  times  the 

value  per  ton  of  sands  (K). 
L  Residue  sample  of  Q  after  cyanide  treatment.    Difference  of  value  between 

G  and  I  represents  gold  extraction. 
J.  Gold-Cyanide  solution  leached  from  G.    Sampled  on  entering  and  leaving 

zinc-boxes.    Difference  in  vaHie  shows  efficiency  of  precipitation. 
K,  L,  M,  N,  O,  and   P  undergo   the  same  routine  of  (ampling  and  deter- 
mination of  gold  values  as  H,  I,  and  J. 
<J.  **Ciean-np"  of   zinc-boxes.     Resultant  zinc-gold  slimes  treated  by  either 

methods  (1)  or  (2' : — 

(1)  Treated  with  dilute  sulphuric  acid  to  remove   zinc.    Washed. 

Residue  smelted  in  clay-lined  crucibles. 

(2)  Smelte<l    direct    with    litharge    (Pb.O)   and    reducing    agents 

Resultant  auriferous  lead  cupelled. 
(l)and(2)  Resultant  bullion  cast  into  ingots.    Ingots  sampled  and 
assayed.- 
R.  Slags  from  (1)  sold  to  snielters. 

,,        ,,    (2)  re-used  if  rich.    Thrown  away  if  poor. 


6.— THE   EYOLLTION   IX   THE   TREATMENT   OF   BY- 
PRODUCTS    ON    THE    WITWATERSRAND    GOLD- 
FIELDS. 

By   M.   TOIIREXTE. 

(Plate  IV.) 

By  the  time  every  metallurgical  operation  has  reached 
finality,  a  certain  amount  of  material  is  left  on  the  metallur- 
gist's hands,  which,  either  through  its  character,  value,  or  cost 
of  handling,  will  not  stand  further  profitable  treatment.  These 
materials,  however,  very  often  contain  considerable  quantities 
of  the  original  metal  which  is  being  exploited,  and,  as  their 
bulk  becomes  almost  mathematically  increased  in  the  course  of 
time,  they  attain  a  very  important  value  in  the  aggregate. 
This  value  is  generally  reckoned  out  per  ton  weight  of  material. 
Although  the  total  amount  accumulated  may  represent  a  small 
fortune,  still,  the  expense  which  would  be  incurred  either  in 
the  erection  and  working  of  the  special  plants  necessary  for 
their  treatment,  or  in  their  transport  to  centres  where  such 
treatment  is  carried  out,  may  be  so  great  as  to  exceed  the  value  of 
the  product,  or  to  render  the  margin  of  profit  very  problemati- 
cal. In  districts  where  the  mines  are  very  much  scattered  and 
far  from  all  means  of  cheap  communication,  it  is  of  common 
occurrence  to  find  such  accumulations,  which,  otherwise,  would 
be  a  source  of  profit.  In  districts  where  the  means  of  com- 
munication are  cheap  or  within  easy  reach  of  a  harbour,  the 
same  products  find  their  way  either  to  some  customs  work  near 
at  hand,  or  to  sonic  of  the  bier  metallurgical  centres  in  Europe 
or  elsewhere.  These  materials  are  known  by  the  generic  name 
of  by-products,  and  it  is  needless  to  say  that  their  nature 
varices  according  to  the  elements  from  which  they  proceed.  By 
the  time  the  amount  of  by-products  accumulated  in  any  mine 
reaches  a  respectable  value,  it  constitutes  an  asset — very  diffi- 
cult of  realisation  sometimes,  but  nevertheless  an  asset.  To 
extract  the  metals  which  are  contained  in  them  at  a  reasonable 
cost,  sf>  tliat  a  profit  may  yet  be  obtained  from  them,  has  re- 
peatedly put  metallurgists  more  on  their  mettle  than  all  the 
rest  of  the  Tnetallurgical  work  of  the  mines.  In  spite  of  great 
ingenuity,  failures  are  not  uncommon,  even  after  considerable 
sums  of  money  have  been  spent  in  trying  to  solve  the  problem. 
Still,  successes  also  do  happen,  and  every  one  of  them — no 
matter  how  small— marks  one  step  further  towards  the  ultimate 
object. 

In  a  gold-mining  district  like  Johannesburg,  the  metal 
contained  in  the  by-products  is  naturally  gold,  with  a  small 
percentage  of  silvci*.  Twelve  or  fourteen  years  ago,  when  only 
a  few  small  batteries  were  in  existence,  and  all  transport  had 
to  be  made  by  waggons  for  a  erood  many  miles  and  at  an 
enormous  cost,  the  working  conditions  of  these  gold-fields  were 
such  as  to  render  the  working  of  by-products  out  of  the  ques- 
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tion.    At  that  time  their  production  was  not  very  considerable, 
and  consisted  principally  of  battery  chips  and  slags  from  the 
smelting  of  the  gold  bars.    The  average  battery  manager  even 
in  those  days  knew  that  a  fair  amount  of  gold  was  carried  in 
these  chips,  no  matter  how  well  he  washed  them;  therefore  he 
generally  bagged  them  and  piled  them  up  near  the  mill  to  be 
treated  some  f/ai/.     The  slags  produced  in  the  smelting  of  the 
gold  did  not  fare    quite    so    well,    and,    after    they    had    been 
pounded  fine  and  cradled  for  whatever  shots  of  gold  could  still 
be  obtained,  were  very    often    thrown    away,    in    some    cases 
amongst  the  ashes  from  the  bullion  smelting  furnaces,  or  re- 
turned to  the  batterj'  to  be  further  crushed  and  the  liberated 
gold  amalgamated.       Other  by-products  at  the  time  were  the 
tailings  produced  by  the  batteries  after  the  amalgamation  of 
the  pulp.     Providence  was  very  kind  in  this  case,  and  the  fact 
that  this  most  valuable  asset  was  still  found  on  the  premises 
when  its  treatment  was  rendered  possible  later  on,  was  due  to 
the  flat  nature  of  the  ground,  necessitating  the  then  working 
companies  to  heap  them  up.       If  a  good  fall  of  ground  had 
existed,  or  some  friendly  creek  or  river  had  been  near  by,  these 
tailings  would  have  disappeared,  and  an  enormous  amount  of 
gold  therefore  lost.     Later  on,  these  tailings,  which  were  for- 
merly considered  by-products,  became  products  in  themselves, 
giving  up  most  of  the  gold  they  contained  to  the  gentle  per- 
suasion of  cyanide  of  potassium.       Although  the  action  of  this 
chemical  on  gold,  silver,  and  other    metals    was    already    well 
known,  its  successful   industrial  application  to  the  treatment 
of  tailings  and  other    gold-bearing    materials    is   undoubtedly 
the  greatest  metallurgical  triumph  of  the  last  century  relating 
to  gold.       Tt   converted   many  gold-mining  companies  which 
were  on  the  verge  of  bankruptcy  into  most  flourishing  dividend- 
paying  concerns,  gave  quite  a  different  aspect  to  many  doubt- 
ful mining  propositions,  and  gave  employment  to  hundreds  of 
men.     The  names  of  Messrs.  Forrest  and  ^IcArthur  will  remain 
household  words  so  long  as  tailings  are  treated  with  cyanide, 
which,  to  all  appearances,  will  be  a  long  time  yet. 

Before  very  long  the  concentrates  which  had  previously 
been  roasted  and  chlorinated  followed  suit  in  the  cyanide  treat- 
ment, ancK  last  but  not  least,  the  slimes — or  very  finest  pro- 
duct produced  by  crushing  the  gold-bearing  material  in  the 
battery. 

The  cyanide  process  greatly  simplified  the  metallurgy  of 
gold.  The  precious  metal  is  precipitated  from  its  solutions  in 
various  ways,  and  altboufirh  the  greater  portion  is  very  quickly 
and  readily  obtained  as  gold  bullion,  still  the  inevitable  repeats 
itself,  and  further  by-products  of  different  descriptions  are 
produced.  If  the  gold  has  been  precipitated  on  zinc  we  have 
a  slag  containing  more  or  less  metallic  gold  throughout  the 
mass  in  shots,  and  which  could  be  easily  obtained  by  cradling ; 
but  some  gold  is  so  well  assimilated  by  the  slag  itself  as  to 
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render  its  extractions  impossible  by  any  of  the  ordinary  means 
at  one  time  in  use.  I  know  of  a  company  where  the  most 
careful  measures  had  been  taken  to  obtain  the  highest  extrac- 
tion from  the  slags.  A  special  stamp  battery  was  used  for 
the  purpose  of  crushing  them  through  700  mesh  screen,  and 
the  pulp  was  amalgamated  over  special  copper  plates.  A  great 
amount  of  gold  was  recovered  in  this  way,  but  the  pulp,  which 
was  carefully  collected  in  some  settling  vats  placed  below  the 
copper  plates  and  afterwards  bagged,  still  contained  from  10 
to  12  ozs.  of  gold  per  ton.  When  this  company  ultimately 
sold  the  accumulation  of  seven  years,  they  realised  about 
£12,000 — a  no  mean  consideration. 

If  the  gold  from  the  cvanide  solutions  has  been  precipi- 
tated electrically  on  lead  sheets,  the  lead  bullion  obtained 
carries  the  greatest  part  of  the  gold,  which  is  readily  obtaineil 
by  cupellation,  and  is  of  a  verj-  high  grade  of  fineness.  The 
resulting  bye-products  are  skimmings,  metallics  from  the 
smelting  operation  and  test  bottoms  from  the  cupellation.  The 
metallics  can  be  added  to  the  lead  when  cupelling,  but  the 
others  require  special  treatment. 

It  will  be  seen  that  every  new  process  produces  its  own 
peculiar  by-products,  and  they  mostly  follow  the  same  direc- 
tion, i.e.,  the  smelting  works. 

The  enormous  development  of  the  gold  industr3',  and  the 
continuous  increase  in  working  capacity  at  the  mines,  also  in- 
creased the  by-product  production  very  considerably.  At  the 
time  the  metallurgist  could  not  give  his  attention  to  their 
treatment,  and  onlj^  knew  of  two  kinds  of  by-products,  i.e., 
those  which  were  very  rich  and  could  stand  the  expense  of 
transport,  etc.,  to  Europe,  and  those  which  were  of  low  grade, 
i.e.,  from  10  to  20  ozs.  per  ton,  and  could  not  stand  the  price 
of  transport  at  the  time,  and  therefore  were  accumulated.  So 
far  he  had  only  dealt  with  slags,  etc.,  the  product  of  smelting 
the  batterj*  srold.  In  many  cases  this  only  meant  running  the 
retorted  gold  into  a  bar  ready  for  banking,  and  for  the  pur- 
pose of  fluxing  any  small  amounts  of  impurities  contained  in 
the  retort  gold,  a  small  quantity  of  borax  was  generally  added, 
therefore  the  proportion  of  slag  in  the  gold  produced  was  very 
small. 

A  Cyanide  clean-up  put  a  different  complexion  on  the 
problem.  To  begin  with,  after  the  zinc  boxes  were  cleaned 
out  we  were  in  possession  of  a  product  containing  an  enormous 
amount  of  zinc  and  other  undesirable  elements,  such  as  silica, 
lime,  alumina,  etc.,  and  the  percentage  of  gold  to  the  total 
of  zinc  gold  slimes  cleaned  up  was  very  small,  seldom  reaching 
5  per  cent.  To  this  a  proportionate  amount  of  fluxes  had  to 
l>e  added  to  eliminate  the  zinc  and  other  impurities,  and  there- 
fore the  resulting  slags  were  in  enormous  quantities  compared 
to  the  gold  obtained.  I  have  known  this  proportion  to  be 
something  like  2,000  ozs.  of  gold  to  about  6  tons  of  slag  pro- 
<luced. 
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Cyanide  works  managers,  metallurgists,  and  others  had  a 
rather  lively  time  at  this  particular  period;  it  was  something 
new  which  had  been  sprung  upon  them.  A  process  which 
enabled  the  amount  of  gold  contained  in  thousands  of  tons  of 
tailings,  etc.,  to  be  caught  into  a  few  tons  of  zinc  at  a  cost 
which,  even  at  that  time,  was  ridiculously  low.  The  precious 
metals  had  yet  to  be  extracted  from  this  mass,  and  all  the 
means  at  that  time  available  were  an  ordinary  plumbago 
crucible  and  a  gold  smelting  furnace.  Nobodj',  unless  he  has 
<*onducted  personally  a  smelting  operation  of  this  description 
under  the  conditions  stated,  can  possibly  imagine  the  enormous 
amount  of  work  it  entails.  To  look  after  three  or  four  15  in. 
furnaces,  and  keep  on  charging  gold  slimes  and  fluxes  from 
morning  till  night,  and  from  night  till  morning,  until  the 
whole  lot  has  passed  through,  is  very  hard  work. 

Once  the  contents  of  the  crucibles  were  molten,  they  were 
poured  into  conical  moulds,  and,  after  cooling,  turned  over, 
and  the  resulting  gold  bullion  detached  from  the  slag. 

This  process  was  much  too  tedious,  and  it  was  not  very 
long  before  big  reverberatory  furnaces  were  built,  into  which 
one  or  two  dozen  crucibles  were  placed  at  the  same  time,  and 
their  contents  smelted  at  one  heat.  It  was  an  improvement, 
but  that  is  all  that  can  be  said  for  it,  as  the  work  connected 
with  the  operation  was  still  very  great,  and  made  no  difference 
to  the  quantity  of  slag  produced  or  crucibles  used.  The  next 
step  was  the  treatment  of  the  zinc  clean-up  with 
sulphuric  acid.  In  good  installations  they  were  covered  with  a 
the  purpose.  In  good  installations  they  were  covered  with  a 
hood  dipping  in  a  water  butt,  which  hermetically  closed  the 
whole  apparatus.  A  tube  led  from  the  top  of  the  hood  through 
the  roof  of  the  building  into  the  air,  and  discharged  the  gases 
produced. 

When  the  operation  was  completed,  the  remaining  slimes 
were  caught  in  a  filter  press,  the  cakes  fluxed  and  smelted. 
This  operation  greatly  diminished  the  amount  of  resulting 
slags,  but  still  their  content  in  gold  was  very  considerable. 
The  resulting  gold  bar  could  only  be  enhanced  in  fineness 
after  a  great  amount  of  trouble,  and  every  operation  produced 
a  subsequent  by-product. 

To  obtain  a  bar  of  a  high  fineness,  many  things  have  been 
tried  with  more  or  less  success.  The  most  successful  method 
is  that  of  Mr.  Crosse,  who  adds  a  small  quantity  of  manganese  , 
peroxide  to  his  fluxes.  The  resulting  bar  is  undoubtedly  of 
very  high  fineness,  but  it  has  the  drawback  tliat  while  it 
eliminates  the  base  metals,  it  does  the  same  with  the  silver, 
adding  it  to  the  slags  resulting  from  the  operation. 

The  latest  improvement  consists  in  placing  the  zinc  clean- 
up in  a  reverberatory  furnace,  with  additions  of  litharge  and 
laboratory  slag  or  any  other  convenient  flux.     The  resulting 
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by-product,  which  is  a  slag,  can  be  of  very  low  value  if  the 
operation  has  been  carefully  carried  out.  The  great  drawback 
to  this  operation  is  the  large  quantity  of  gold  which  remains 
locked  in  the  furnace,  and  also  the  heavy  expenses  of  main- 
tenance ;  it  is  nevertheless  a  great  improvement  on  the  other 
methods  in  use. 

The  litharge  introduced  with  the  charge,  in  being  reduced 
to  metallic  lead,  carries  the  gold  to  the  bottom  of  the  furnace. 
When  the  operation  is  completed,  the  lead  bullion  is  tapped 
into  moulds  and  cupelled — the  resulting  bar  being  merely  com- 
posed of  gold  and  silver — very  seldom  under  900  fine. 

Still  the  work  of  improvement  goes  on,  and  hopes  are 
entertained  that  slags  will  soon  be  produced  which  will  carry 
only  a  nominal  quantity  of  silver  and  gold ;  that  a  furnace 
will  be  built  which  will  not  lock  up  any  gold,  and  that  the 
maintenance  will  be  greatly  reduced  as  well  as  the  time  and 
labour  necessary  for  the  operation. 

Such  a  result  would  mean  the  elimination  of  payable  slags 
and  by-products  in  the  mines,  and  nothing  would  please  the 
management  more  than  to  be  able  to  get  at  the  gold  at  once 
after  the  clean-up. 

I  was  obliged,  in  a  way,  to  refer  to  the  Cyanide  process, 
as  it  has  so  far  been  the  most  important  factor  in  the  produc- 
tion of  by-products  in  the  Rand  —so  much  so,  that  the  others 
could  almost  be  ignored.  The  past  two  years  have  witnessed 
great  advances  in  this  process.  In  the  near  future  all  other 
by-products  produced  about  a  mine  will  come  under  the  scope 
of  the  cyanide  manager. 

It  may  here  be  interesting  to  specify  the  principal  by- 
products produced  in  a  mine,  viz. — • 

In  connection  with  the  Battery. — Concentrates,  lilack 
sands,  Sweenings,  Slags,  Pots,  Ashes,  Battery  chips,  and 
Screenings. 

In  connection  with  CJilori nation  Works. — Pots  and  Ashes. 

In  connection  with  Cyanide  Wfuls. — Concentrates,  Sands 
and  Slimes,  Slags,  White  Slimes,  Prussian  Blue,  Scrapings, 
Sweepings,  Skimmings,  Dross,  Lithars:e,  Brick-dust,  Test 
bottoms,  Sump  sediments,  Ashes,  Crucibles,  and  Liners. 

As  will  be  seen,  the  list  is  very  considerable,  and  if,  in 
an  isolated  mine,  the  best  has  to  be  made  of  it,  the  recovered 
gold  must  cost  less  than  £4  per  ounce.  In  a  gold  district  of 
the  immense  magnitude  of  the  Rand,  these  individual  accumu- 
lations represent  such  an  enormous  value  that  it  was  not  long 
before  serious  consideration  was  given  to  them.  The  by- 
products were  at  first  disposed  of  to  dealers,  who  bought  them 
on  the  spot  and  exported  them  to  Europe,  or  they  were  shipped 
direct  by  the  companies.  Later  on  the  Rand  Central  Ore 
Reduction  Company  erected  the  necessary  plant  to  deal  with 
them.  The  usual  way  of  dealing  between  the  buyer  (Rand 
Central)  and  the  seller  was  as  follows :  — 
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The  different  by-products,  properly  marked  and  specified, 
were  sent  in  by  the  companies  to  the  reduction  works.  At 
the  Rand  Central  they  were  received  by  the  man  in  charge  of 
the  sampling  floors.  A  day  was  appointed  to  do  the  weighing 
and  sampling,  for  which  purpose  the  parcels  were  taken  singly, 
weifirhed,  spread  on  the  floor,  well  mixed,  and  sampled.  This 
operation  was  performed  in  the  presence  of  the  representative 
of  the  company  concerned.  The  moisture  was  immediately 
determined  in  a  sample,  and  a  further  one  selected  for  settle- 
ment. This  last  sample  was  taken  in  triplicate,  one  for  the 
buyer,  one  for  the  seller,  and  one  sealed  by  both  parties  for 
reference  in  case  of  need. 

In  settling  the  purchase  the  average  value  as  ascertained 
by  assay  between  the  sellers  and  buyer  was  taken  when  the 
differences  did  not  exceed  5  per  cent,  of  the  gold  contents.  If 
the  difference  exceeded  this  figure  the  reference  sample  was 
submitted  to  a  bank,  and  the  two  nearest  assays  taken  for 
settlement ;  upon  this  result  payment  was  made. 

After  settlement  the  products  were  sent  into  the  pan 
furnace  shed,  or  into  the  blast  furnace  bins,  according  to  their 
contents  in  gold.  Slags  in  particular,  and  any  products  assay- 
ing over  30  ozs.  of  gold  per  ton,  were  treated  in  the  pan 
furnace.  In  feeding  the  slags  into  the  pan  furnace  a  certain 
quantity  of  litharge  was  added,  also  a  reducing  agent  such  as 
coal  or  ground  plumbago  crucibles.  The  other  by-products 
were  added  in  such  quantities  as  their  nature  would  permit,  so 
as  to  obtain  a  fluid  slag.  On  reduction  the  litharge  combined 
with  the  precious  metals  contained  in  the  mass,  and  accumu- 
lated at  the  bottom  of  the  furnace  as  lead.  The  slag  was  drawn 
as  often  as  necessary,  and  when  the  lead  at  the  bottom  of  the 
furnace  was  in  sufficient  quantity  it  was  also  tapped  into 
moulds  and  could  be  immediately  cupelled.  The  principal  ad- 
vantage of  this  operation  consisted  in  the  production  of  a 
lead  gold  bullion,  generally  of  very  high  grade,  and,  as  the 
cupellaticm  followed  at  once,  it  did  not  take  long  to  obtain  the 
bar  of  gold.  This  point  was  most  important,  as  the  very  high 
assay  value  of  the  products  locked  up  quite  considerable  sums 
of  money  which  it  was  important  to  release  as  soon  as 
possible. 

The  disadvantages  of  the  operation  were,  the  great  woar 
and  tear  of  the  furnace,  the  big  amount  of  gold  locked  in  it 
wiiich  could  not  be  got  at  before  it  completely  broke  down, 
and  the  gold  left  in  the  resulting  slag,  which  generally 
amounted  to  from  2  to  4  ozs.  The  quantity  of  lead  was  also 
considerable,  amounting  to  from  8  to  10  per  cent. 

This  department — first  established  at  the  Band  Central 
about  eight  years  ago — gave  at  the  start  a  good  deal  of  trouble. 
The  .principal  difficulty  experienced  was  in  getting  the  neces- 
sary men  to  work  the  department.  Theories?  Everybody 
was  choke-full  of  them,  but  the  actual   work  was  a  different 
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matter.     When  it  came  to  handling  the  tools,  and  particularly 
to  cupelling,  somehow  nobody  could  be  found  to  do  the  work. 

The  Manager  of  the  Rand  Central,  after  convincing  him- 
self that  such  was  the  case,  and  having  exhausted  his  patience, 
saw  no  other  way  out  of  the  difficulty  than  that  of  importing^ 
a  few  practical  men  from  Europe.  They  came  in  due  course, 
and  kept  the  process  of  making  cupels  a  great  secret,  but  the 
main  thing  was  that  the  work  was  done,  and  done  well.  All 
the  accumulations  of  slags  and  a  few  other  rich  products  were 
soon  disposed  of,  and  the  mining  companies  were  pleased  at 
finding  a  good  means  of  converting  these  bye-products  into 
cash  without  much  trouble  or  delay. 

Presently  attention  was  given  to  all  other  products  which* 
either  through  their  nature  or  contents  in  gold,  would  have 
made  their  work  in  the  pan  furnaces  too  tedious  or  commer- 
cially problematical.  To  deal  with  these  a  blast  furnace  was 
erected,  and  here  the  above  referred  to  products,  often  very 
silicious  in  their  nature,  were  treated.  The  principal  fluxes 
used  were  iron  oxide  and  carbonate  of  lime.  Litharge  and 
galena  produced  the  lead  which  acted  as  carrier  for  the  pre- 
cious metals.  Sulphurets  served  to  produce  a  matte  with  what- 
ever copper  might  be  present.  The  work  of  this  furnace  ren- 
dered possible  the  smelting  of  any  product  which  might  occur, 
but  the  high  price  of  the  coke  used  for  fuel  and  of  the  neces- 
sary fluxes  rendered  its  work  very  expensive.  For  every  ton 
of  by-products,  from  3  to  4  tons  of  fluxes  and  fuel  had  to  be 
smelted,  and  the  margin  of  profit  was  therefore  considerably 
decreased. 

The  slags  produced  by  this  furnace  very  seldom  carried 
more  than  a  few  Dennyweiorlits  of  crold  and  silver,  or  more  than 
1  per  cent,  of  lead.  If  of  higher  value  thev  were  repassed 
through  the  furnace.  The  lead  produced,  which  carried  the 
precious  metals  gold  and  silver  and  a  small  quantity  of  copper, 
was  treated  according  to  requirements.  If  tlie  flux  galena  was 
abundant,  the  resulting  lead  was  deprived  of  precious  metals  by 
the  Parkes  process.  This  consists  in  melting  the  bars  obtained  in 
cast  iron  pots  of  about  20  tons  capacity.  The  copper  dross  is 
skimmed  off,  and  zinc  is  next  added  to  the  mass  of  molten 
metal.  Zinc  has  the  extraordinary  property  of  seizing  on 
almost  all  the  gold  and  silver  present,  and  bringing  it  to  the 
surface  in  something  like  the  form  of  a  crust,  which  is  skimmed 
off.  This  skim — composed  of  zinc,  lead,  and  precious  metals — 
is  sent  to  the  pan  furnace  for  the  purpose  of  fluxing  the  zinc. 
When  this  has  been  done,  the  lead  bullion  produced  is  ready 
to  be  cupelled  at  once.  The  zinc  may  also  be  distilled  and  the 
remaining  lead  cupelled  to  obtain  the  gold  and  silver. 

If  galena  is  difficult  to  obtain,  then  the  lead  as  it  comes 
from  the  blast  furnace  is  cupelled,  and  the  litharge  produced 
used  again  in  the  blast  furnace  as  already  described. 

In  cases  where  the  use  of  galena  results  in  a  great  excess 
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of  lead  bullion,  this  is  refined  and  converted  into  marketable 
lead  after  the  precious  metals  have  been  withdrawn. 

In  connection  with  the  blast  furnace  work  a  fair  amount 
of  flux  dust  is  produced.  This  necessitates  the  reeular  clean- 
ing of  the  flues  and  dust  chambers  where  it  collects.  The 
collected  dust  is  simply  added  to  the  charges  and  returned  to 
the  blast  furnace. 

The  matte  is  also  passed  through  the  furnace  with  the 
object  of  concentrating  it,  and,  when  its  contents  are  considered 
sufficiently  high,  is  shipped  to  Europe  for  further  treatment. 

All  the  refining  which  has  been  carried  out  at  these  works 
has  merely  consisted  in  the  separation  by  cupellation  of  the 
gold  and  silver  from  the  lead  and  other  base  metals  as  far  as 
can  be  done  in  this  operation.  The  bullion  bars  of  gold  and 
silver  have  been  sent  to  Europe  for  disposal  and  further  treat- 
ment. 

A  graphic  table  is  appended,  which  will  show  at  a  glance 
the  course  of  the  by-products,  fluxes,  and  secondary  by- 
products, and  will,  I  hope,  render  the  foregoing  pages  relating 
to  the  Band  Central  Ore  of  easy  comprehension.     (Plate  IV.) 

With  the  advent  of  the  reverberatory  furnace  (pan  fur- 
nace) in  connection  with  the  smelting  of  the  Cyanide  works 
clean-up,  a  great  step  in  the  right  direction  has  been  made. 
It  enables  the  gold  mining  companies  to  do  closer  work  than 
has  been  done  heretofore,  particularly  if  the  gold  zinc  slimes 
have  been  acid  treated  previous  to  their  smelting.  The  lead 
gold  bullion  which  is  obtained  therefrom  returns,  after  cupella- 
tion, bars  of  gold  and  silver  bullion  of  a  very  high  fineness, 
allows  of  the*  treatment  of  most  of  a  mine's  by-products,  and 
produces  slags,  if  the  operation  has  been  well  conducted,  very 
poor  in  the  precious  metals. 

The  results  so  far  achieved  are  by  no  means  small,  and  the 
work  goes  on  nevertheless  unabated,  and  a  good  deal  has  yet 
to  be  done  in  this  particular  direction  before  all  the  problems 
yet  at  hand  have  been  solved.  Will  the  Rand  Metallurgist 
ever  be  satisfied?  I  hardly  think  so.  He  will  keep  on  work- 
ing, and  although  his  progress  may  not  be  quite  so  rapid  as  it 
has  been  heretofore,  every  further  improvement  on  actual  prac- 
tice will  mean  more  gold  for  less  money,  which  it  seems  to  me 
has  been  the  Rand's  motto  from  the  very  start. 

I  have  purposely  left  out  of  this  paper  any  figures,  as  I 
never  intended  it  to  be  statistical.  In  the  proceedings  of  the 
Chemical  and  Metallurgical  Society  of  South  Africa  will  be 
found  all  data  referring  to  almost  every  point  I  have  dealt 
herewith.  I  have  merely  tried  to  review  some  of  the  work 
done  in  connection  with  the  important  problem  of  the  treat- 
ment of  the  by-products  produced  in  this  mining  area. 

The  exceptional  conditions  under  which  we  are  working 
here  allows  us  to  carry  on  our  work  under  the  most  favourable 
conditions.     Money  is  lavishly  spent  on  the  off-chance  of  im- 
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provement,  skilled  labour  and  materials  of  the  highest  quality 
are  easily  obtained.  Besides  the  satisfaction  of  having  attained 
a  good  deal  of  perfection  already,  the  interest  is  kept  in  the 
work  at  the  highest  pitch  by  the  knowledge  of  what  is  still  to 
be  done  and  the  friendly  competition  existing  amongst  the 
generality  of  Kand  Metallurgists  in  their  endeavours  to  for- 
ward the  interests  of  the  Mining  Industry  in  their  own  par- 
ticular department.  We  must  also  not  forget  the  great  amount 
of  assistance  obtained  from  outside  sources,  assistance  which  has 
often  proved  of  the  greatest  value  to  us. 

Nothing  pleases  us  better  than  the  knowledge  that  we  also 
do  our  best  to  help  others  working  on  the  same  lines. 


EXPLAXATIOX    OF     PLATE     IV 


Tlie  dotted  line  indicates  the  coui-se  followed  l)y  the  pi-ecious  metals  contaiQed 
in  the  by-products  through  the  different  deimrtnients  or  metallurgical  operations. 

O  indicat^^s  the  difterent  fluxes  or  reaigents  added  to  the  operations. 

^  indicates  the  different  products  outside  ^old  and  silver  resultinc  from 

I  the  different  metallurgical  opemtions. 
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€.— THE  GENESIS  OF  SOILS;  WITH  SPECIAL  REFER- 
ENCE TO  THE  SOILS  OF  THE  TRANSVAAL. 

13y  Andrew  F.  Ckosse. 

When  I  was  asked  to  read  a  paper  before  this  section  of 
the  Association  I  did  not  wish  to  take  up  my  own  particular 
subject,  to  wit,  metallurgy,  as  we  deal  with  these  questions  in 
the  Chemical,  Metallurgical,  and  Mining  Society. 

I  thought,  therefore,  that  it  would  be  of  more  general  in- 
terest if  I  treated  of  a  subject  which  has  been  unfortunately 
much  neglected. 

I  little  thought  when  I  started  upon  this  paper  how  abso- 
lutely the  essential  points  had  been  neglected  by  the  govern- 
ment authorities. 

In  the  early  days  of  the  Reef  *  wild  cat  '*  schemes  were 
sometimes  started,  and,  I  believe,  batteries  erected,  where  no 
reef  existed.  The  people  who  started  these  **  mines ''  may  have 
made  money,  but  they  were  not  loved  by  their  shareholders. 

Now  what  have  we  done  in  this  country?  I  suppose  I  can 
take  up  the  position  of  a  company  shareholder,  since  I  am  a 
tax-payer,  whilst  we  may  regard  the  Government  as  the  Direc- 
torate. Since  we  took  over  the  country  a  certain  section  of 
the  Government  (or  Directorate)  has  been  most  energetic  in 
advertising  the  desirability  of  the  Transvaal  as  an  agricultural 
proposition,  especially  soliciting  the  immigration  of  English 
farmers. 

The  first  thing  a  shareholder  is  entitled  to  ask  for  is  the 
assays  of  the  reef  into  which  he  has  put  his  money. 

In  fact,  on  all  our  best-managed  mines  complete  assay 
plans  are  available,  giving  full  detail  of  the  values  of  all 
developed  rock. 

When  I  undertook  to  read  this  paper  I  imagined  that  on 
application  to  the  Agricultural  Department  I  should  be  able 
to  obtain  and  lay  before  you  analyses  of  the  typical  soils  of 
the  country,  and  by  these  means,  supplemented  by  comparison 
with  analyses  of  typical  European  and  American  soils,  be  able 
to  arrive  at  some  conclusion  as  to  the  agricultural  potentialities 
of  the  country. 

Unfortunately  however,  up  to  the  beginning  of  this  year 
no  such  analyses  have  been  made  by  the  Agricultural  Depart- 
ment.    Criticism,  you  will  agree  with  me,  is  superfluous. 

I  have  therefore,  been  compelled  to  fall  back  on  the 
synthetic  method.  Starting  from  the  known  rocks  of  the 
Transvaal  and  adjoining  districts  (for  which  knowledge  we  are 
indebted  to  the  research  of  private  members  of  the  Geological 
Society  of  S.A.),  I  shall  endeavour  to  deduce  therefrom  the 
nature  of  the  soils  formed  by  their  disintegration. 

SOILS. 

Soils  in  general  may  be  divided  into  two  main  classes :  — 
A.     Soils  formed  in  situ  from  the    sub-soil    and    rock    on 
which  they  rest. 
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B.  Soils  which  bear  no  direct  relationship  to  the  rock 
underlying  them. 

In  practice  no  hard  and  fast  line  can  be  drawn  between 
the  two  classes  of  soil,  since  aerial  denudation  and  transport  of 
the  attrited  dust  plays,  particularly  in  treeless  countries,  so 
important  a  part  in  ameliorating  various  soils,  although  each 
individual  soil  may  have  had  a  different  origin. 

CLASS  A SOILS  IN  SITU. 

Such  soils  bear  a  definite  relationship  to  the  rock  from, 
which  they  are  formed. 

Speaking  generally  denudation  and  weathering  have  re- 
moved the  more  soluble  portions  of  the  rock  and  fully  oxidised 
the  ferro-magnesian  constituents.  Such  soils  are  formed  by 
the  weathering  of  two  classes  of  rock,  igneous  or  plutonic,  and 
sedimentary  or  stratified  rock. 

Bocks  of  the  former  class  fall  mainly  under  two  Keads, 
Acid  and  Basic.  Soils  derived  from  acid  rocks  (granite  and 
syenite)  are  naturally  poor  in  basic  constituents.  Potash  ia 
present  only  in  small  quantities,  or  may  be  almost  entirely 
absent.  Phosphates  are  not  of  common  occurrence.  Silicates 
make  up  the  bulk  of  the  soil,  which  hence  tends  to  be  of  a 
saiidj',  friable  nature ;  these  soils  may  be  coloured  red  from  iron, 
but  more  often  owe  their  colour  almost  entirely  to  organic 
matter. 

In  some  cases  where  the  parent  rock  contains  much  alumina 
the  soils  may  be  clayey.  The  great  China  clay  deposits  of 
Cornwall,  Dresden,  and  Northern  China  are  in  truth  soils 
formed  in  situ  by  the  dissolving  away  of  the  soluble  con- 
stituents of  the  granites  upon  which  they  rest. 

Speaking  generally,  granite  soils  are  poor  and  thin.  In 
some  cases  they  may  be  improved  by  the  addition  of  phosphates. 

Large  tracts  of  moorland  country  in  Germany  have  been 
brought  under  cultivation  by  a  liberal  use  of  '*  basic  iron  slag," 
carrying  about  2.5  per  cent,  phosphoric  acid. 

In  the  northern  hemisphere  such  acid  soils  are  mostly 
covered  only  with  whin  and  gorse  :  as,  for  example,  the  Dart- 
moor tors  and  the  granitic  Highlands  of  Scotland. 

In  this  country  large  areas  are  covered  by  granite  "  bosses," 
and  in  all  cases  the  soils  derived  from  these  rocks  are  poor  and 
thin. 

Large  areas  of  such  soil  exist  between  Johannesburg  and 
Pretoria,  around  Vredefort  in  the  Orange  Kiver  Colony,  and  up 
in  the  bush -veld,  where  enormous  areas  of  granite  occur.  In 
the  latter  locality  the  soils  are  poor,  except  in  the  valleys  and 
where  basic  rock  intrudes  through  the  granite.  I  regret  that 
no  analysis  of  these  soils  are  available. 

Granites  containing  mica  give  rise  to  soils  of  average  fer- 
tility, the  mica  supplying  the  alkalies  and  alkaline  earths  need- 
ful to  plant  life. 
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Such  granites  are,  however,  not  found  in  bulk  in  this 
country.  In  the  low  country  fair-sized  areas  of  mica  granite 
occur,  capable,  under  suitable  conditions,  of  forming  soils  of 
average  fertility. 

SOILS    DERIVED   FHOM   BASIC   ROCKS. 

The  chief  basic  rocks,  which  fortunately  for  the  agricul- 
ture of  the  world  are  widely  distributed,  are  diorites,  gabbros, 
diabases,  and  basalts,  including  also  those  various  volcanic 
rocks  known  as  **  Traps." 

These  rocks  are,  as  the  name  implies,  comparatively  rich 
in  ferro-magnesian,  calcium,  and  potash-forming  minerals. 

They  are  readily  weathered,  and  give  free  rich  soils.  The 
greatest  corn  country  of  India,  that  of  the  Deccan,  is  composed 
of  basic  rocks  of  volcanic  origin,  which  form  the  huge  plateau 
of  the  Deccan. 

The  soil  of  the  Champagne,  Moselle,  and  Burgundy  Pro- 
vinces of  France  are  derived  from  basic  volcanic  rocks,  as  also 
the  rich  soils  of  Southern  Italy,  on  which  the  finest  vines  are 
grown. 

The  lavas  which  from  time  to  time  poured  down  the  flanks 
of  Vesuvius  and  neighbouring  cones  are  to-day  the  source  of  the 
richest  soil  of  Italv.  In  Scotland  the  richest  soil  is  that  formed 
from  trap  rock,  which  covers  the  Lowlands,  and  the  break  is 
very  noticeable  where  the  traps  give  place  to  the  granites  of  the 
Highlands. 

Such  soils  contain,  in  addition  to  the  silica,  alumina  and 
soda  of  soils  derived  from  granites,  much  lime,  magnesia,  and 
iron  oxide,  and,  if  the  rock  contains  much  felspar,  a  due  pro- 
portion of  soda  and  potash  salts. 

Speaking  broadly,  it  may  be  said  that  whilst  granite  soils 
are  eminently  unfertile,  soils  derived  from  basic  (Hornblendic) 
rocks  are  eminently  fertile. 

Unfortunately  the  basic  rocks  in  this  country  cover  only  a 
small  area. 

The  Klipriversberg  and  other  amygdaloidal  diabases  which 
occur  in  this  country  offer  perhaps  the  greatest  potential  sources 
of  good  soil. 

The  fertility  of  soils  derived  from  outcrops  of  these  rocks 
is  known  to  be  above  the  average. 

In  the  bush-veld  the  acid  rocks  are  freely  intruded  through 
^y  pegmatite  and  nepheline-bearing  rocks.  Hence  the  soil  of 
the  river  valleys  is  usually  fairly  rich. 

The  Marico  country,  where  several  intrusifs  of  nepheline 
syenite  are  known,  is  a  good  corn  country. 

So  too,  the  soil  in  the  valleys  of  the  Pilandsberg,  Enzilsberg 
and  Zoutpansberg,  in  all  of  which  basic  rocks  are  found, 
in  some  plenty,  is  far  richer  than  the  soils  of  the  high  biish- 
veld.  where  granite  ridges  and  kopjes  break  through  tlie  thin 
layers  of  sandy  soil. 
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The  valleys  of  the  Majfaliesberg,  the  garden  of  the  Trans- 
vaal, are  deep  in  red  silt  brought  down  from  the  hilly  country, 
in  some  eases  the  rivers  run,  in  the  dry  season,  through  deep 
cuttings  in  the  rich  red  silt. 

Rustenburg  is  perhaps  one  of  the  most  fertile  places,  and 
possesses  a  rich  red  soil,  probably  derivative  from  the  denuda- 
tion of  basic  intrusifs. 

In  this  connection  I  quote  from  a  valuable  paper  read  by 
Dr.  Hatch  before  the  Geological  Society  of  S.A.  on  the  Geology 
of  the  Marico  District. 

"  North  of  the  Zeerust  Hills  the  true  bush-veld  begins,  the 
surface  of  the  country  being  covered  more  or  less  thickly  with 
scrub  and  bush,  consisting  chiefi}'  of  various  species  of  thorn 
trees,  together  with  Beukenhout,  Olivenhout,  Syringa,  Tam- 
booti,  and  Hartekol.  In  general  the  Marico  District  may  be 
taken  as  an  example  of  the  close  relation  existing  between 
geology,  physiography,  and  agriculture;  the  well-watered, 
thickly-wooded,  fertile  and  populous  Marico  District  being  prac- 
tical! v  co-terminous  with  the  synclinal  area  with  its  diversified 
slate,  quartzite,  limestone,  and  basic  igneous  formations.  Out- 
side the  limits  of  the  syncline,  and  across  the  borders  of  the 
Protectorate,  we  find  a  rolling  granite  country,  comparatively 
speaking  treeless  and  waterless:  a  grazing,  not  an  agricultural 
country,  and  inhabited  almost  exclusivelj^  by  native  races." 

Dolerites  occur  in  intercalated  sheets  in  the  Karroo  Series,, 
and  attain  a  maximum  thickness  of  300  feet. 

The  Eastern  Transvaal  is  largely  overlain  by  the  Karroo 
beds,  but  the  outcrops  of  the  dolerites  are  uncommon,  and  do 
not  present  any  very  large  area. 

In  another  age,  when  denudation  lays  bare  these  vast 
dolerite  sheets,  now  covered  by  hundreds  of  feet  of  newer  series, 
the  soil  of  the  present  O.R.C.  should  be  of  exceptional  fertility, 
seeing  that  the  O.R.C.  is  covered  by  the  Karroo  beds.  Fnfor- 
tunately  that  period  is  too  far  distant  to  be  of  more  than  the 
most  remote  theoretical  interest. 

SOILS  derivf:d  fkom  aqueous   (stratified)  rocks. 

Here  again  the  general  character  of  the  soil  is  that  of  the 
rock  from  where  it  is  derived,  but  no  such  simple  classification 
is  possible  as  is  the  case  of  the  igneous  or  plutonic  rocks.  One 
may,  however,  divide  these  rocks  into  two  classes — *'  Detrital,'' 
e.fj.,  sandstones  and  clays,  and  *' Calcareous,"  such  as  chalks  and 
dolomites;  the  former  class  may  be  considered  as  derivative 
soils  (^ using  the  word  in  a  wide  sense)  deposited  under  water. 

By  suba(»rial  disintegration  they  are  resolved  back  into 
their  several  constituents,  plus  such  mineral  matter  as  may  have 
percolated  into  them  during  the  period  of  ciuiescenco  they 
passed  in  the  form  of  rock. 

In  this  manner  the  phosphates  of  the  *'  Cambridge  green 
sand"  represent  the  detritus  of  former   glauconitic   marls   and 
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chalks,  eroded  by  and  laid  down  by  the  sea  in  Cretaceous  days, 
and  after  ages  of  quiescence  thrown  up  to  the  earth's  surface, 
where  by  their  weathering,  they  provide  phosphates  for  the 
plants  of  another  age. 

Sandstones  are  usually  unproductive  of  good  soil,  consist- 
ing as  they  do,  mainly  of  silica,  the  soluble  salt  of  the 
rocks,  from  whence  they  were  originally  derived,  having  been 
long  wasted  away. 

The  basement  rock  of  South  Africa  is  granite,  which  ex- 
tends from  the  Cape  to  the  Zambesi,  here  and  there  asserting  its 
presence  b}'  means  of  huge  bosses,  examples  of  which  we  have 
already  noticed. 

It  is,  then,  only  natural  that,  having  regard  to  the  original 
rock,  from  which  in  all  probability,  the  aqueous  rocks  were  de- 
rived, we  should  find  that  those  areas  covered  with  grits,  sand- 
stones, and  other  aqueous  rocks  are  of  no  potential  value  to 
agriculture. 

The  Waterberg  sandstone,  which  covers  an  immense  area 
in  the  Northern  Transvaal,  is  about  as  unproductive  as  the 
English  millstone  grit,  and  the  sandstone  portions  of  the 
Karroo  Beds  are  almost  equally  valueless. 

Clays  give  rise  to  a  large  variety  of  soils,  particularly  on 
outcrops  against  chalk  or  sandstone. 

Clays,  however,  do  not  occur  in  bulk  in  the  Transvaal,  and 
we  may  therefore,  neglect  them. 

Shales,  as  maj^  be  seen  from  a  casual  inspection  of  a  geo- 
logical map  of  the  Transvaal,  occupy  large  areas;  in  chemical 
composition  they  are  little  different  to  the  sandstones,  indeed 
many  of  them  are  virtually  quartzites. 

These  shales  are  very  free  from  organic  matter.  Speaking 
generally,  one  is  compelled  to  say  that  the  aqueous  or  sedimeu- 
tarv  rocks  of  the  Transvaal  are  of  little  or  no  potential  value  as 
soil  producers. 

CALCAHEOUS    AND    DOLOMITIC   ROCKS. 

True  chalks  do  not  occur  in  the  Transvaal.  This  is  un- 
fortunate. The  Transvaal  is  most  unfortunate  in  its  selection 
of  rocks,  viewed  from  the  agriculturist's  point  of  view,  for 
chalks  always  contain  a  certain  proportion  of  silica  and  phos- 
phate, and  by  this  slow  weathering  (chiefly  due  to  the  solvent 
action  of  carbonic  acid),  leave  behind  a  thin  layer  of  rich 
phosphatic  soil. 

The  dolomites  are  easily  disintegrated,  but  their  porous 
nature  allows  the  soluble  constituents  to  be  washed  out  bv  sub- 
terranean  drainage. 

Contact  soils  formed  where  granites  outcrop  throucrh  dolo- 
mite should,  if  they  can  be  kept  moist,  prove  fertile.  Dolomite 
soils  are  always  dry  on  the  surface,  drainage  being  very  efficient 
in  such  formations. 

Such  soils  occur  over  large  ranges  of  count rv  in  the 
Western  Transvaal. 
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They  a^-e  not  distinguished  by  any  particular  fertility,  or 
the  reverse.  The  Western  Transvaal  possesses  a  painful  uni- 
formity in  this  respect. 

One  rides  ov^r  miles  and  miles  of  rolling  grass  land,  the 
staple  product  heintr  Kaffir  corn  and  mealies,  and  these  only  in 
patches.  Where  aqut-ous  rocks  break  through  the  dolomite,  or 
dolomite,  fairly  ricfi  MUs  are  formed,  if  they  can  be  watered. 

The  valley  of  the  ScJione  Spruit  by  Sterkstroom  is  excep- 
tionally fertile;  it  is  on  the  4ine  of  outcrop  of  the  dolomite,  and 

At  Lichtenberg,  in  the  WestWm  Transvaal,  the  dolomite 
soils  form,  when  irrigated,  exceptioiiially  good  potato-growmg 
soils.  ^^ 

The  soils  are  however,  very  shallow,  ^ and  can  in  few  cases 
be  adapted  to  the  deep  culture  required  foK  potatoes. 

Good  cereal  crops  appear  to  be  raised  in  ^^he  parts  of  Lich- 
tenberg accessible  to  the  water  furrows.  ManjN- of  the  farmers, 
however,  are  handicapped  by  the  want  of  a  proi»^r  rotation  for 
these  crops;  the  leguminiferae  might  be  included  wn  a  two-year 
rotation  with  advantage,  as  they  supply  a  large\*amount  of 
nitrogenous  matter  to  the  soil.  It  is  customary  tw)  grow  two 
crops  per  year  on  the  irrigated  lands  in  these  richer  ^districts. 

The  constant  growing  of  cereal  crops  has  had  an  ^injurious 
effect  on  the  laud ;  irrigated  land  is  too  valuable  to  li^c  fallow, 
and  I  doubt  if,  in  this  dry  climate,  fallowing  would  be\^  of  any 
real  gain,  as  nitrification  requires  not  only  warmtijh  but 
moisture.  Nothing  is  more  fatal  to  the  germs  of  nitrifi(^i*ation 
than  prolonged  exposure  to  the  sun  in  dry  soils.  \     .^ 

It  is  a  point  amongst  many,  which  might  well  be  inv^a  - 
gated  by  the  Agricultural  Department.  \^  ^ 

DERIVATIVE    SOILS.  ^' 

So  much  for  soils 
tion 

These  soils,  as  the  name  implies,  are  derived  from  rock  oi 
soils  occurring  in  some  other  district,  and  have  no  relation  io 
the  rock  directly  underlying  them.  No  hard  and  fast  line  can 
be  drawn  between  the  two  classes  of  soil,  since  all  soils  in  situ 
owe  something  to  wind-borne  dust,  and  all  purely  derivative 
soils  owe  certain  constituents  to  underlying  rock. 

The  chief  agents  of  denudation  and  transport  are  changes 
of  temperature,  wind,  and  rain;  we  may  briefly  consider  their 
action,  and  the  general  type  of  soil  produced  by  their  agency. 

Soils  in  situ,  as  we  have  seen,  are  formed  by  the  weathering 
of  the  rock  under  such  condition  as  may  prevent  the  removal  of 
the  disintegrated  portions.  It  follows  then,  that  the  composi- 
tion of  derivative  soils  is  dependent  on  the  nature  of  the  rork 
from  whence  they  are  derived,  but  they  differ  in  this  iraporiaiit 
respect  from  soils  in  situ,  viz. :  Soils  in  situ  have  only  one  type 


So  much  for  soils  in  situ;  we  now  pass  on  to  the  consideraV- 
of  derivative  soils.  ^ 


r 
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of  rock  to  serve  as  a  base,  whilst  derivative  soils  may  be  derived 
from  several  types  of  rock. 

WIND-BORNE    SOILS. 

These  soils,  which  cover  numerous  areas  in  Eastern  Europe, 
China,  and  America  (where  they  are  known  as  Loess  and  Adobe 
respectively),  are  unfortunately  unknown  in  South  Africa. 

They  require  for  their  formation  long  periods  of  prevailing 
winds  blowing  across  highly  desiccated  country,  free  of  vegeta- 
tion. 

The  Loess  of  China  is  in  places  2,000  feet  deep,  and  has 

completely  altered  the  original  contour  of  the  country;  valleys 

have  been  obliterated,  the    streams    having    cut    deep    gorges 

through  the  yellow  loam,  producing  secondary  drainage.       It 

also  occurs  in  even  greater  thickness  in  America.       Strictly 

aeolian  soils  do  not  occur  in  this  country.     The  Kalahari  coun- 

^*  try,  the  nearest  approach  to  the   steppe   conditions   formed   in 

y^South  Africa,  is  too  thickly  grass-grown  to  give  rise  to  dust 

S^torms  of  any  magnitude. 

^j.         Local  dust  storms,  of  course,  occur  all  over  the  country, 
^particularly  in  Johannesburg,  but  their  effect  is  too  slight  to 
^Tplay  any  important  part  in  ameliorating  the  condition  of  the 
^^oils. 
^         Aeolian  deposits  are  entirely  absent  in  the  Transvaal. 

J.  WATER-BORNE    SOILS. 

%  As  you  all  know,  rivers  rising  in  high  ground  lose  their 

}.  initial  velocity  when  they  descend  to  the  plains,  and  hence 
fc  deposit  the  major  portion  of  the  silt  they  bring  down  from  the 
^    hilly  country. 

t  The  "  flood  valley  "  of  a  river  is  the  usually  most  fertile 

portion  of  its  course,  and  as  the  river  works  downwards  it  leaves 
terrace  on  terrace  of  rich  alluvium.  The  value  of  alluvium  as 
Boil  is  obvious. 

Derived  from  various  rocks,  enriched  by  organic  matter, 
hydraulically  separated  from  all  heavy  rock  particles,  it  is 
spread  in  layers  on  the  flood  valley. 

It  is  as  though  the  rivers  were  huge  carriers  tearing  away 

after  every  flood  in  the  hilly  country,  all  the  decomposed  and 

'^^^eathered  rock,  siftii\g  out    the    coarse    particles,    mixing    up 

^>rganic  matter,  and  finally  spreading  it  out  in  the  low  country. 

T'he  composition  of  alluvium  is  an  epitome  of  all  the  rock  and 

®^^il  traversed  by  the  river  which  has  deposited  it. 

Unfortunately  alluvial  soils  of  large  extent  are  unknown 
^  ^*^  this  country.  We  have  nothing  to  compare  with  the  huge 
alluvial  deposits  of  Egypt,  of  the  Ganges,  or  Mississippi-Mis- 
souri Deltas. 

True,  along'  the  Yaal  are  found  alluvial  soils,  but  this  allu- 

^^^^nm  is  not  of  good  quality,  being  derived  from  granite  and  acid 

"^^cks.     In  the  hilly  count rv  of  the  N.W.  Transvaal,  as  I  have 

^liready  pointed  out,  local  deposits  of  rich  alluvium  are  found, 

G 


90  Report— 1904. 

and  are  responsible  for  the  fertility  of  the  river  valleys. 

In  the  low  country  alluvium  occurs  in  some  plenty,  but 
the  climatic  conditions  are  against  successful  agriculture,  at 
any  rate  as  far  as  the  agriculturist  is  concerned. 

GENEHAL   REMARKS. 

It  will  thus  be  seen  that,  speaking  generally,  there  is  little 
prima  facie  evidence  in  favour  of  the  existence  of  large  tracts 
of  fertile  soil  in  this  country. 

It  remains  now  to  consider  the  influence  of  climatic  condi- 
tions (m  the  soil. 

The  climate  of  the  Central  Plateau  is,  as  you  are  aware, 
extremely  uniform. 

For  nine  months  of  the  year  the  land  is  dry  and  sun- 
crafked.  Heat  there  is,  in  plenty,  during  the  day,  but  moisture 
none. 

Hence,  during  these  months  there  is  little  scope  for  those 
most  useful  of  organisms,  the  bacteria,  which  induce  nitrifica- 
tion. 

The  conditions  for  rapid  nitrification  are  warmth  and 
moisture.  Hence,  during  nine  months  of  the  year  nitrification 
is  virtually  a  negative  quantity,  and  the  soil  loses  the 
effect  of  the  greatest  agent  of  nature  for  the  fertilisation  of  soils. 

For  the  other  three  months  it  rains,  generally  in  heavy 
down-pours,  which  wash  the  surface  of  the  land  and  carry  off 
such  nitrates  as  may  have  been  formed  at  the  surface  of  the  soil. 
I  do  not  think  that  the  Agricultural  Department  could  find  a 
more  useful  subject  for  that  investigation  than  the  influence 
of  the  sun  on  nitrification  in  particular  and  on  the  soil  in 
general. 

I  think  that  they  will  find  that  our  "  pale,  dry,  healings 
blue  *'  is  not  altogether  an  unmixed  blessing;  having  arrived  at 
some  definite  conclusion,  it  will  be  for  them  to  propose  a  remedy, 
either  natural  or  artificial. 

The  popular  idea  is  that  all  we  require  is  irrigation:  now 
I  maintain  (and  until  the  Agricultural  Department  disproves 
my  deduction  by  actual  results  obtained  I  consider  that  I  am 
justified  in  maintaining)  that  large  tracts  of  land  in  this 
country,  which  offer  no  insuperable  engineering  difficulties  in 
the  way  of  irrigation,  although  involving  large  sums  of  money, 
could  never  repay  the  initial  expenditure. 

To  obtain  successful  returns  from  irrigated  lands,  either 
the  soil  must  be  rich  enough  to  stand  increased  demands  upon 
it,  or  such  constituents  as  it  may  lack  must  be  added  to  it. 

These  deficiencies  may  be  met  either  chemically  or  natur- 
ally; for  instance,  most  of  you  are  aware  that  the  leguminiferae 
are  capable  of  abstracting  nitrogen  from  the  air  and  so  enrich- 
ing the  soil,  but  no  natural  process  is  capable  of  supplying 
phosphates  or  alkalies. 

At  the  commencement  of  this  paper  I  made  a  few  general 
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remarks  concerning  "  wild  cats "  and  similar  propositions.  I 
do  not  wish  to  say  that  agriculture  in  this  country  is  a  **  wild 
cat " ;  far  from  it,  for  we  do  know  of  the  existence  of  many  rich 
pockets;  but  I  do  say  that  (to  maintain  our  analogy)  that  is  an 
extremely  **  low  grade  "  proposition,  and  results  obtained  from 
a  few  "  pockets  "  must  not  blind  us  to  that  fact,  and  it  is  well 
that  the  Directorate  (in  our  case  the  Government)  should  fully 
realise  the  fact. 

I  think  it  a  very  important  thing  that  the  real  value  of 
this  country  should  be  thoroughly  realised  both  by  the  Home 
Government  and  by  the  more  intelligent  of  the  British  tax- 
payers. By  **  value ''  I  mean  both  the  mineral  and  agricultural 
value  of  the  country. 

There  has  been  a  decided  tendency  on  the  part  of  several 
well-known  writers  to  over-estimate  the  mineral  resources  of 
the  country.  The  value  of  the  gold  in  the  Transvaal  has  been 
worked  out  to  figures  of  gigantic  dimensions,  and  I  am  quite 
certain  that  we,  at  present  living  in  the  country,  are  suffering 
from  this  cause.  The  taxes  which  we  have  to  pay  could  be 
easily  borne  if  we  were  only  in  that  theoretical  position  to  which 
the  possession  of  such  enormous  potential  wealth  entitled  us. 

Unfortunately  betwixt  theoretical  and  practical  yield  there 
is  a  great  gulf  fixed. 

We  measure  our  veld  by  the  million  acre,  and  your  unin- 
formed Home  expert  on  South  African  affairs  divides  the  land 
into  fifty-acre  plots  and  dreams  of  a  contented  farmer  and  his 
family  subsisting  on  each  plot. 

Need  I  dwell  on  the  folly  of  such  schemes? 

The  voortrekker,  with  his  farm  of  four  to  six  thousand 
acres,  and  sufficient  Kaffir  labour,  undoubtedly  made  farming 
paj',  but  owing  to  the  well-known  reproductive  power  of  the 
Boers,  and  the  absence  of  any  law  of  primo-geniture,  the  size 
of  these  farms  is  decreasing  in  a  geometric  ratio,  and  to-day, 
in  the  less  fertile  districts,  the  sons  of  prosperous  voortrekkers 
are  reduced  almost  to  the  condition  of  the  Irish  peasantry,  and 
gain  but  bare  subsistence  from  the  unkindly  soil. 

It  is,  then,  tlie  bounden  duty  of  Government  to  thoroughly 
study  the  position  of  things  and  estimate  facts  at  this  true 
value. 

God  forbid  that  well-meaning  enthusiasts  with  no  local 
knowledge  should  introduce  the  English  yeoman  farmer  type, 
only  to  reduce  them  to  the  level  of  the  Bijwooner  class.  The 
lower-class  Boer  is  a  product  of  his  environment.  The  indis- 
criminate settling  of  small  farmers  in  this  country  would  only 
lead  to  an  increase  in  a  class  already  too  numerous  and  of  no 
value  to  the  State. 

It  is  the  duty  of  those  to  whom  is  committed  the  building 
of  nations  to  see  that  the  foundations  of  the  State  are  free  from 
all  weakness.  Weakness  in  the  superstructure  may  be  reme- 
died: weakness  in  the  foundations   demands,   sooner   or   later. 
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complete  reconstruction.  Generallj^  speaking,  agriculture  is 
not,  in  this  country,  a  paying  concern,  yet  I  think  that  scientific 
farming  on  a  fairly  large  scale  would  raise  the  status  of  the 
agriculturalists  and  eventually  could  maintain  a  large  class 
comparable  to  the  yeoman  class,  to  whom  England  and  her 
Colonies  owe  and  have  owed  so  much. 

If  we,  of  the  Transvaal,  are  ever  to  become  a  nation,  the 
existence,  the  assertive  existence,  of  such  a  class  is  of  absolute 
necessity. 

Mineral  wealth  alone  can  never  make  a  nation. 

This  country  has  been  richly  endowed  with  gold,  diamonds, 
and  other  minerals,  but  one  must  not  forget  that  every  ton  of 
mineral  matter  removed  leaves  so  much  less  behind.  For  this 
and  other  economic  reasons  I  consider  it  to  be  the  dutj'  of  the 
Government  to  intelligently  foster  agriculture,  by  applying 
some  of  the  money  obtained  by  tlie  taxation  of  the  mineral  in- 
dustry to  the  furtherance  of  this  object.  So  that,  in  that  day 
when  the  last  "  deep-deep  level ''  has  been  worked  out  a  lasting 
monument  to  the  industry  may  be  left  in  the  form  of  a  great 
agricultural  industry. 

I  should  like  to  see  a  map  of  the  Transvaal,  showing  the 
agricultural  value  of  the  soil  in  various  localities,  also  giving 
average  rainfall  and  other  data.  The  establishment  of  small 
experimental  farms  in  different  localities,  not  only  in  localities 
of  known  fertility  as  is  the  present  svstem,  would  also  help  to 
determine  the  most  deductive  methods  for  the  different  condi- 
tions obtaining. 

Science  enables  us  to  cultivate    land    barren    to    previous 
generations;  let  us  therefore  call  to  our  aid  all  that  science  ran 
give,    supplemented    by    intelligent    adaption  to  local  circum- 
stances.       The   population   of   the    temperate    zones    increases 
rapidly,  particularly  the  population  of  our  Empire.     Each  day 
sees  our  Empire  more  dependent    on    external    food    sources. 
Here  in  the  Transvaal  we  have  huge  possibilities  for  scientific 
farming  on  a  large  scale.     The  yield  per  acre  will  be  small,  but 
South  Africa  is  large.     Our  own  population  is  increasing.     We 
all  hope  to  see  it  increase  yet  more  rapidly,  if  this  Colony  is  to 
form  a  real  unit  of  the  Empire.     It  is  necessary,  therefore,  to 
make  adequate  provision  for  the  future,  remembering  — 
**  After  us  cometh  a  multitude : 
Prosper  the  work  of  our  hands, 
That  we  mav  feed  with  our  land's  food 
The  folk  of  "all  our  lands." 

It  may  be  that  some  will  consider  that  I  have  adnpicd  an 
altogether  too  pessimistic  tone.  Believe  me,  whatever  motive 
may  have  influenced  my  remarks,  that  of  pure  pessimism  did 
not.  When  I  reflect  upon  the  sacrifices  which  this  country  has 
demanded,  the  heroism,  the  hardships  of  the  Voorirckkers. 
pioneers  second  to  none  of  all  those  whom  fate  has  sent  and  still 
sends  to  explore  the  unknown  lands,  to  mark  the  first  trail  that 
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in  time  becomes  the  highway  of  a  nation ;  of  the  cost,  not  to  be 
measured  in  millions,  of  the  late  war,  I  feel  that  in  the  Eternal 
Fitness  of  things  some  great  end  must  attain  from  this  sacrifice. 

It  is  because  1  believe  that  we  can  build  a  nation  here,  be- 
cause I  believe  that  the  agriculturist  will  be,  must  be,  the  back- 
bone of  that  nation,  that  I  have  endeavoured  to  point  out  some 
of  the  difficulties  which  beset  those  who  w^ould  try  to  force  this 
class  into  being  before  the  times  are  ripe. 

for  fifty  years  this  country  has  waged  intermittent  war- 
fare against  external  and  internal  forces,  but  now  we  have 
entered  upon  a  longer,  sterner  war,  the  fight  with  Nature.  We 
have  entered  upon  that  long  contest  wherein  successes  are  few, 
wherein  the  end  is  but  slowly  attained,  but  whereby,  I  believe, 
we  shall  attain  the  victory. 

My  thanks  are  due  to  my  assistant,  Mr.  Gerard  W.  Wil- 
liams, for  the  material  assistance  which  he  has  given  me 
in  the  compilation  of  this  paper,  more  especially  in  the  geologi- 
cal portion. 


7.— THE  CHEMICAL  INDUSTRY  OF  THE  TEAXSVAAL : 

A   FORECAST. 

By  W.  Cullen. 

The  Gold  Mining  Industry  of  the  Transvaal  is  such  a  large 
factor  in  the  country's  prosperity,  that  we  occasionally  forget 
the  possibilities  of  others.  Chemical  industry  is  at  present 
represented  by  the  Dynamite  Factory  and  the  Chemical  Works 
near  Boksburg,  and  neither  of  these  works  would  have  been  in 
existence  to-day  had  it  not  been  for  a  measure  of  protection 
granted  them  by  the  old  regime. 

Outside  these  two  concerns  there  is  practically  no  other 
chemical  industry.  True,  a  small  soap  factory  carries  on  a 
precarious  existence,  and  a  glass  factory  has  recently  been 
started  in  the  neighbourhood  of  Johannesburg.  The  Hatherly 
glass  factory  is  now  closed  down,  and  the  same  remark  applies 
to  the  famous  distillery.  The  cement  works  at  Daspoort,  which 
are  equipped  with  modern  plant,  now  make  an  excellent 
cement,  which  compares  favourably  with  the  best  European 
brands.  The  factory  is  built  on  an  excellent  clay  deposit,  and 
the  lime  is  found  in  the  immediate  neighbourhood. 

Beer-brewing  is  an  important  industry,  and  is  daily  becom- 
ing more  so,  but  it  is  not  generally  referred  to  as  a  cliemical 
industry. 

This,  then,  exhausts  the  not  very  formidable  list  of  Trans- 
vaal chemical  industries. 

It  is  certain  that  the  term  "  metallurgy  "  as  applied  to 
these  fields  will  soon  have  a  much  wider  significance.  At  least 
one  excellent  deposit  of  zinc  is  known,  and  surely  it  is  possible 
for  us  to  make  our  own  zinc  discs  in  the  country — more  espe- 
cially as  the  price  of  spelter  has  for  a  very  long  time  averaged 
£21  a  ton  in  Europe.  Lead  simply  abounds  in  the  form  of 
galena,  and  generally  assays  very  high  in  silver.  The  metal- 
lurgy of  lead  is  very  simple,  and  the  greater  attention  now 
being  paid  to  sanitary  matters  will  create  a  demand  for  pipes 
and  sheets — this,  of  course,  apart  from  the  present  demand, 
which  is  not  inconsiderable. 

Then,  again,  we  have  enormous  deposits  of  copper,  the  ex- 
traction of  which  by  both  the  wet  and  the  dry  process  should  offer 
no  particular  difficulty  when  the  question  of  transport  has  been 
solved.  In  this  countrj-  there  is  already  an  enormous  demand 
in  the  form  of  plates,  leads,  etc.,  etc. 

Going  still  further,  we  have  tin  in  abundance,  and,  it  is 
whispered.  Radium  also.  The  latest  metal  to  be  added  to  the 
list  18  Platinum;  but,  when  all  is  said  and  done,  the  most  im- 
portant metallurgical  industry  will  be  that  of  iron.  The  de- 
posit of  haematite  north  of  Belfast  is  said  to  be  one  of  the 
most  marvellous  in  the  world,  not  only  on  account  of  its  extent 
and  the  purity  of  the  ore,  but  also  from  the  fact  that  the 
necessary  lime  and  coal  are  also  right  on  the  spot.  Those 
responsible  for  the  idea  are  very  hopeful,  and  the  figures  with 
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which  I  have  been  furnished  are  quite  encouraging — provided 
that  the  railway  can  do  its  share.  When  the  day  of  blast 
furnaces  and  convertors  arrives  we  shall  have  basic  slags  for 
the  farmers  as  well  as  ammonia  and  cyanogen  for  the  mines. 

The  heavy  freight  and  railage  charges  form  a  natural  pro- 
tection to  any  local  industry,  and  naturally  this  applies  with 
greater  force  to  chemicals  which  have  to  be  carefully  packed, 
and  therefore  have  a  high  gross  weight,  than  to  metals  such  as 
spelter,  which  require  no  particular  looking  after. 

The  importation  of  chemicals  for  .1903  amounted  to 
£500,000,  and  this  is  a  very  large  figure.  Cyanide  was,  of 
course,  the  principal  item,  and  will  remain  so,  but  the  attention 
sanitary  matters  are  receiving  has  created  a  large  demand  for 
bleaching  powder.  Sulphuric  acid — already  a  large  item — will 
increase,  and  even  if  concentrates  are  treated  by  a  modified 
process  there  is  still  plenty  of  pyrites  in  the  country.  The 
dynamite  industry  will  no  doubt  double  itself  in  a  few  years, 
and  the  same  remark  ought  to  apply  to  all  local  industries  of 
whatsoever  kind.  Prior  to  the  war  artificial  manures  were 
practically  unknown,  but  the  importations  from  Europe  have 
already  assumed  very  large  dimensions.  There  is  no  reason 
why  all  this  should  not  be  made  locally.  True,  some  of  the 
principal  ingredients — for  instance,  apatite — would  require  to 
be  imported,  but  a  deposit  is  certain  to  be  found  in  this  country 
some  day. 

The  importations  of  alkali  are  now  assuming  large  dimen- 
sions, but  when  they  are  a  little  larger  they  will  be  manufac- 
tured in  the  country.  Seeing  that  it  hardly  pays  to  return 
empty  cylinders  to  Europe,  it  ought  to  be  possible  to  get  them 
filled  with  oxj'gen  and  carbonic  acid  here  in  Johannesburg. 
Acetylene  is  becoming  daily  more  popular  as  an  illuminant  in 
the  outlying  districts,  and  the  manufacture  of  calcic  carbide 
18  also  certain  to  be  taken  up  soon. 

It  is  not  possible  to  hold  out  any  immediate  prospect  for 
a  large  soap  industry,  but  it  is  not  improbable  that  candles  will 
be  made  in  the  near  future  from  shale.  Then,  as  mealies  and 
potatoes  become  cheaper,  there  is  no  reason  why  Hatherly 
should  not  start  again  and  become  more  of  a  genuine  industry 
than  it  was  before.  Plenty  of  good  whiskey  is  made  from  pota- 
toes and  maize — prejudices  against  them  notwithstanding. 

The  manufacture  of  cyanide  has  assumed  great  importance 
within  recent  years,  but  very  little  has  been  published  on  the 
subject.  From  all  that  can  be  gathered,  the  old  process  of  first 
of  all  making  Ferrocyanide  seems  to  hold  its  own,  but  immense 
quantities  are  obtained  during  the  purification  of  illuminating 
gas — as  also  from  blast  furnaces.  A  source  of  potash  has  just 
been  found  which  should  make  the  Ferrocyanide  process  pos- 
sible here,  and  surely  there  is  enough  nitrogenous  organic 
matter  and  old  iron  to  spare  in  the  country.  I  shall  be  very 
much  surprised  indeed  if  we  do  not  hear  of  the  manufacture  of 
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cyanide  in  this  country  very  soon.  The  cyanogen  recoverable 
from  the  gas  works'  by-products  is  hardly  worth  speaking  about 
now,  but  this  will  soon  be  otlierwise.  Apart  from  the  sulpho- 
cjanide— the  principal  gas  works'  source — a  very  successful 
process  is  tliat  of  Sieperman,  which  has  as  its  principle  the 
passing  of  ammonia  over  heated  charcoal  impregnated  with  pot- 
ash. This  seems  simple  enough,  but,  naturally-,  if  our  gas 
works'  ammonia  were  utilised  thus,  there  would  be  none  for 
making  ammonium  sulphate.  We  need  not  trouble  about  mak- 
ing chemically  pure  cyanide  out  here ;  what  is  wanted  is  avail- 
able cyanogen,  and  if  parcels  are  bought  on  assay  no  harm  is 
done  to  the  buyer  or  the  seller.  No  doubt  when  better  times 
come  the  government  might  see  its  way  to  afford  an  industrv 
such  as  this  a  small  measure  of  artificial  protection  until  sucli 
time  as  it  found  its  bearings. 

Reference  has  already  been  made  to  artificial  manures  and 
to  the  utilisation  of  the  gas  works'  liquor  for  sulphate  of  am- 
monia. However,  all  the  gas  works  of  South  Africa  combined 
will  soon  be  unable  to  meet  the  demand  for  artificial  manures 
containing  this  ingredient.  The  other  principal  materials,  such 
as  nitrate  and  phosphate,  can  be  landed  as  cheaply  at  any 
South  African  port  as  at  Liverpool,  and,  considering  that  they 
are  carried  at  a  very  cheap  rate  while  the  finished  manure  is^ 
heavily  taxed  in  this  respect,  it  should  be  possible  to  build  up  a 
flourishing  local  industry. 

Hitherto  sanitary  matters  have  not  received  very  much 
attention,  but  the  community  is  beginning  to  realise  that  a 
liberal  use  of  chloride  of  lime  is  an  excellent  insurance  against 
troubles  of  all  kinds.  Already  the  demand  is  large,  and  when 
the  Chinese  come  it  will  be  larger.  To  give  an  idea  of  the 
natural  protection  which  \^ould  be  afforded  to  an  industry  such 
as  this,  it  may  be  stated  that  the  f.o.b.  price  per  ton  in  London 
is  about  £4  iOs.,  while  the  lowest  price  at  which  it  has  ever 
been  sold  here  is  £18 — railage,  freight,  and  insurance  charges 
accounting  for  the  difference.  This  industry  is  bound  to  start 
very  soon,  seeing  that  all  the  ingredients  are  found  in  the 
country. 

These  prospective  industries  taken  singly  do  not  make  a 
very  gallant  show,  but,  combined  with  those  industries  already 
in  existence,  such  as  explosives  manufacture,  the  grand  total 
is  not  to  be  despised.  It  is  not  pretended  that  any  one  of 
these  will  come  into  operation  at  once,  but  it  is  the  opinion  of 
the  writer  and  others  competent  to  judge  that  the  time  is  not 
far  distant  when  we  shall  have  a  large  and  a  genuine  Transvaal 
Chemical  Industry. 


8.— THE    CONTACT    PEOCESS    OF    SULPHUBIC    ACID 

MANUFACTURE. 

By  E.  Weiskopf. 

I  am  well  aware  that  the  subject  which  I  introduce  to  your 
notice  to-day  is  not  one  which  is  of  great  interest  to  the  general 
public,  and  this  mainly  for  the  reason  that  we  cannot  yet  boast 
of  a  general  chemical  industry  in  this  country.  But  you  will 
all  admit  that  this  Colony  offers  excellent  conditions  for  the 
development  of  such  an  industry,  and  I  am  perfectly  convinced 
that  if  only  once  a  start  is  made  it  will  grow  and  prosper,  and 
help  to  make  us  more  independent  in  every  sense  of  the  word. 

Now  the  manufacture  of  sulphuric  acid  is  the  basis  of 
almost  every  chemical  industry,  and  if  we  ever  contemplate 
establishing  any  such  industrv  in  South  Africa,  we  shall  cer- 
tainly have  to  face  first  of  all  the  manufacture  of  sulphuric 
acid. 

Very  little  has  been  heard  of  the'  new  contact  process  in 
connection  with  actual  manufacture,  and  it  is  only  quite  re- 
cently that  some  information  has  been  made  public.  Never- 
theless it  has  already  led  to  an  entire  revolution  in  the  manu- 
facture of  sulphuric  acid  at  home,  and  it  also  opens  prospects 
for  the  establishment  of  a  local  rheinical  industry,  which  a  few 
years  ago  would  have  been  considered  an  impossibility. 

It  may  be  said  at  once  that  tlie  local  Dynamite  Company, 
who  themselves  consume  about  15,000  tons  of  sulphuric  acid 
yearly,  have  anticipated  this  for  some  considerable  time,  and 
are  installing  an  additional  plant  for  the  manufacture  by  the 
contact  process,  which  will  enable  them  to  meet  any  demand, 
no  matter  how  great. 

It  is  not  the  purpose  of  this  paper  to  point  out  the  great 
importance  of  sulphuric  acid  for  the  chemical  industry,  nor  is 
it  the  intention  to  discuss  the  possibility  of  such  an  industry  in 
this  country,  but  one  cannot  help  calling  attention  to  the  vast 
amount  of  concentrates  which  certain  mines  produce,  and  which 
with  little  trouble  could  be  used  for  the  sulphuric  acid  manu- 
facture. 

I  have  in  mind  certain  mines  which  concentrate  their  ore 
in  frue-vanners,  and  which,  after  extracting  their  concentrates, 
obtain  a  residue  in  many  instances,  known  to  me  personally, 
running  as  high  as  45  per  cent,  of  iron  pyrites  and  about  4 
dwts.  of  gold. 

In  considering  the  possibility  of  using  these  concentrates 
for  the  manufacture  of  sulphuric  acid,  we  do  not  cmly  lay  the 
foundation  stone  for  a  new  local  industry,  but  we  also  involve 
to  some  extent  the  mining  industry  itself. 

You  all  know  that  the  last  traces  of  gold  in  ihe  concen- 
trates, referred  to  above,  can  only  be  recovered  with  difficulty, 
chiefly  on  account  of  the  pyrites,  and  with  such  poor  material 
it  would  not  pay  to  remove  them  by  roasting. 

There  are,  further,  concentrates  which  are  rich  enough  to 
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stand  the  cost  of  transport  to  England,  but  which  cannot  be 
treated  properly  here. 

You  also  know  that  frue-vanners  have  lately  gone  out  of 
fashion,  and  I  believe  that  I  am  correct  in  saying  that  this  is 
cliiefly  due  to  the  fact  that,  with  finer  screening  and  more  pro- 
longed extraction  with  cyanide,  good  results  can  be  obtained 
at  a  lower  cost  than  by  roasting  with  a  subsequent  extraction. 
Would  this  position  of  affairs  continue  if  there  were  an  oppor- 
tunity of  disposing  of  the  concentrates  at  a  fair  price?"  1  am 
not  sufficiently  au  fait  with  our  mining  industry  to  be  able  to 
express  a  definite  opinion  one  way  or  the  other,  so  I  shall  tliere- 
fore  leave  it  an  open  question  for  the  present. 

There  are  undoubtedly  some  technical  difficulties  to  be 
overcome  before  any  such  scheme  could  be  realised,  but  I  firmly 
believe  that  thev  are  not  insurmountable. 

And  now,  after  having  endeavoured  to  show  that  a  paper 
on  the  contact  process  is  more  or  less  of  general  interest,  I 
shall  try  and  give  you  as  briefly  as  possible  the  history,  theory, 
and  a  brief  description  of  Ihis  new  method  of  sulphuric  acid 
manufacture. 

What  are  generally  known  as  contact  pvoccRscs  are  the 
various  methods  of  directly  combining  sulphur  dioxide  and 
oxygen  to  sulphuric  acid  anhydride,  which  latter,  of  course,  is 
the  basis  of  sulphuric  acid. 

All  these  processes  are  founded  on  the  catalytic  or  contact 
action  of  certain  bodies  (contact  substances),  of  which  platinum 
in  a  finely-divided  state  is  the  most  important. 

The  term  catalytic,  or  contact-action,  is  here  used  in  its 
general  sense,  although  strictly  speaking  it  is  the  property  of 
certain  bodies  to  assist  or  bring  about  the  combination  of  two 
or  more  substances  by  means  of  contact  only. 

There  are,  however,  a  number  of  chemical  processes  which 
appear  to  the  casual  observer  to  be  catalytic  also  in  the  above 
sense  of  the  term,  but  in  reality  they  are  due  to  intermediate 
chemical  reactions,  in  which  certain  bodies  act  as  oxygen 
carriers  and  transmitters,  thus  actually  taking  part  in  the 
chemical  reactions,  but  remaining  unaltered  at  the  end  of  the 
process. 

Processes  of  this  kind  are  termed  pseudo-catalytic,  and  in 
this  connection  the  Deacon  process  of  chlorine  manufacture, 
or,  still  better,  the  old  chamber  process  for  the  manufacture  of 
sulphuric  acid,  might  be  cited  as  typical  examples. 

The  true  contact  action — such  as  is  ascribed  to  the  plat- 
inum contact  substance  of  the  sulphuric  acid  contact  process — 
must,  however,  be  classed  as  a  physical  phenomenon,  since  the 
contact  substance  remains  unaltered  all  through  the  process. 

Until  recently  it  has  been  more  or  less  generally  believed 
that  this  contact  action  of  the  platinum  was  brought  about  by 
the  well-known  property  of  the  platinum  to  absorb  its  hundred- 
fold volume  of  ox3'gen,  thus  acting  as  an  energetic  oxidiser. 
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Professor  Erdmann,  in  the  latest  edition  of  his  **  Inorganic 
Chemistrj'/'  gives  this  as  his  oijinion.  There  have,  however, 
lately  been  many  attempts  to  show  that  the  action  of  the  plat- 
inum is  also  pseudo-catalytic,  and  in  this  connection  it  is  in- 
teresting to  note,  that  through  the  investigations  of  Mond, 
Kamsay,  and  Shields,  the  existence  of  a  platinum  peroxide  has 
been  made  very  probable. 

Engler  and  Wohler  have  actually  undertaken  to 
prove  the  existence  of  a  platinum  peroxide  in  the  finely  divided 
platinum  black  which  acts  as  an  oxygen  carrier  and  transmitter. 
How  the  platinum  oxide  is  supposed  to  form  at  the  high  tem- 
peratures of  the  contact  process  has  not  as  yet  been  explained. 

I  myself  am  inclined  to  consider  the  catalytic  action  of  the 
platinum  as  a  "  true  "  contact  action,  due  to  the  formation  of 
ozone  in  the  platinum  contact  substance. 

The  formation  of  ozone  under  the  prevailing  circumstances 
is  not  so  unlikely,  since  we  know  that  ozone  can  be  produced  by 
compression  of  oxj^gen. 

The  heating  of  the  contact  substance  would  only  tend  to 
increase  the  pressure  of  the  oxygen  absorbed  by  the  platinum, 
and  a  spontaneous  formation  of  ozone  would  be  quite  sufficient 
to  oxidise  the  sulphur  dioxide. 

I  have  not  as  yet  sufficient  data  to  enable  me  to  go  more 
fully  into  the  details  of  the  above  theory,  but  hope  to  be  able 
to  give  you  more  particulars  at  some  future  date. 

When  speaking  of  the  pseudo-catalytic  actions,  the  old 
Chamber  process  was  mentioned  as  a  typical  example,  and  for 
purpose  of  comparison  it  will  be  interesting  to  follow  it  a  little 
closer. 

In  this  process  nitrous  acid  anhydride  (N._,0.i),  plays 
the  part  of  the  oxygen-carrier  and  transmitter,  and  readily 
lends  part  of  its  oxygen  to  oxidise  the  sulphur  dioxide  gas  to 
sulphuric  acid  anhydride,  which  latter,  in  contact  with  water, 
gives  the  end  product  of  the  somewhat  complicated  reactions, 
namely,  sulphuric  acid.  The  de-oxidised  nitrous  acid  anhydride, 
on  coming  into  contact  with  the  oxygen  of  the  air,  forms  once 
more  the  original  compound,  and  is  again  ready  to  transform 
new  quantities  of  sulphur  dioxide.  Although,  theoretically,  an 
unlimited  quantity  of  sulphuric  acid  could  thus  be  produced, 
there  are,  in  practice,  certain  unavoidable  losses  which  add  con- 
siderably to  the  cost  of  producing  sulphuric  acid  by  this 
method.  But  this  is  not  the  onlj^  disadvantage  of  the  old  pro- 
cess. The  reactions  indicated  above  only  take  place  when  a 
certain  quantity  of  water  is  present,  and  this  water  dilutes  the 
sulphuric  acid  obtained  to  such  a  degree  that  it  cannot  be  used 
straight  away  as  such,  but  has  to  be  first  of  all  concentrated. 

This  concentration  process  is  very  slow  and  costlv,  and  the 
earliest  attempts  to  work  out  a  method  which  could  produce 
sulphuric  acid  right  away  in  a  more  concentrated  form  are 
chiefly  due  to  this  reason. 
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Later  on,  however,  it  was  not  only  the  question  of 
economy  which  induced  the  different  parties  concerned  to  con- 
tinue the  researches  and  experiments  in  connection  with  a  new 
and  better  process,  but  the  newly-established  aniline-dye  indus- 
try created  a  demand  for  the  very  strongest  sulphuric  acid  and 
even  anhydride,  which  the  Austrian  works  of  J.  D.  Stark,  then 
the  onlv  producers  of  fuming  sulphuric  acid,  could  not  meet, 
and  Avhich,  of  course,  could  not  be  obtained  by  the  old  chamber 
process. 

It  was  recognised  quite  early  that  the  well-known  catalytic 
action  of  platinum  could  be  used  for  the  production  of  sulphuric 
acid  anhydride,  and  Clemens  Winkler,  in  *'  Dingler's  Journal '' 
of  1875,  fully  described  a  practical  method  for  making  sulphu- 
ric acid  anhydride  from  sulphur  dioxide  and  oxygen  by  means 
of  the  catalytic  action  of  platinised  asbestos.  Curiously  enough, 
up  to  that  time  all  proposals  for  utilising  the  contact  action  for 
the  making  of  sulphuric  acid  had,  with  only  one  single  excep- 
tion (Piria  in  1855),  never  as  their  objective,  the  production  of  the 
anhydride  itself.  This  was  probably  due  to  the  small  demand 
for  this  chemical  at  that  time,  and  the  consequent  low  price  for 
which  it  could  be  bought.  On  the  other  hand,  when  Winkler 
first  published  his  process  for  making  anhydride,  in  1875,  he 
little  dreamt  that  in  a  few  years  the  contact  process  would  be 
abl(»  to  compete  successfully  with  the  old  chamber  process  for 
making  ordinary  sulphuric  acid. 

The  sole  object  of  the  inventors  in  the  early  stages  of  the 
history  of  the  contact  process  was,  as  alreadj^  indicated,  the 
discovery  of  a  new  method  for  making  sulphuric  acid,  which 
would  do  away  with  the  disadvantages  of  the  old  chamber  pro- 
cess, and  as  early  as  1851  Phillips  obtained  a  British  patent 
for  the  making  of  sulphuric  acid,  which  he  himself  describes  as 
"  an  improvement  in  the  manufacture  of  ordinary  sulphuric 
acid.''  This  patent  undoubtedly  contained  the  principal  fea- 
tures of  our  modern  contact  process,  and  the  catalytic  action  of 
finely  divided  platinum  is  specifically  mentioned.  The  contact 
action  of  platinum  was  known  to  Sir  Humphry  Davy  as  early 
as  1817,  and  the  very  earliest  inventors  looked  on  it  as  the  most 
favourable  basis  for  a  new  method  oi  sulphuric  acid  manu- 
facture. 

Ever  since,  platinum  in  various  modifications  has  been 
exclusively  used  for  the  contact  process.  Iron  oxide  has  been 
used  for  the  same  purpose,  only  very  recently. 

After  the  publication  of  Phillip's  patent,  which,  as  has  been 
already  pointed  out,  contained  the  principal  features  of  the 
modern  contact  process,  a  great  number  of  modifications  and 
new  processes  were  published  by  various  individuals,  who,  up 
to  Winkler's  time,  all  aimed  at  the  production  of  sulphuric  acid 
alone.  Petrie  mentions  in  his  English  patent  590  of  1857 
platinised  asbestos  as  contact  substance  for  the  manufacture  of 
sulphuric  acid.   ,In  1855  Piria  describes  the  production  of  sul- 
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phurie  acid  anhydride  by  means  of  platinised  pumice-stone 
from  SO2  and  air,  or,  better  still,  oxygen.  As  earlj*  as  1852 
Wohler  and  Mahla  had  found  that  the  oxides  of  iron,  copper, 
and  chromium  act  as  contact  substances.  Soon  after,  in  185-3, 
Bobb  took  out  two  English  patents  for  the  manufacture  of  sul- 
phuric acid,  in  which  he  used  the  roasted  material  itself  as  the 
catalytic  agent.  The  sulphurous  gases  were  obtained  from  the 
roasting  of  pyrites,  the  catalytic  property  of  the  roasted  mate- 
rial being,  of  course,  due  to  the  high  percentage  of  iron  oxide 
it  contained. 

The  Mannheim  process,  to  which  reference  has  already 
been  made,  and  one  of  the  methods  proposed  by  the  Hochster 
Farbwerke,  both  of  which  are  actually  being  carried  on  at  the 
present  time,  are  practically  an  elaboration  of  the  above  idea. 

Schmersall  and  Bouk,  in  the  English  patent,  183,  of 
1885,  employed  heated  tubes,  which  were  filled  with  asbestos  or 
mixtures  of  copper  and  chromium  oxides,  prepared  pumice- 
stone,  platinum,  etc.  The  sulphurous  gases  were,  in  this  pro- 
cess, passed  through  water  before  being  allowed  to  combine. 

In  1891  Henry  Deacon  tried  the  catalytic  acticm  of  copper 
salts  also  for  the  manufacture  of  sulphuric  acid  anhydride  and 
sulphuric  acid.  He  made  the  verj-  important  observation  that 
a  sudden  cooling  of  the  gases  after  leaving  the  contact  appara- 
tus should  be  avoided,  and  further,  that  a  surplus  of  oxygen  or 
air  should  always  be  employed. 

With  the  discovery  of  synthetical  alizarine  by  Graebe  and 
Liebermann  in  18G8,  its  subsequent  technical  manufacture  in 
1873,  and  the  discovery  of  many  more  aniline  dyes,  which 
necessitated  the  employment  of  the  very  strongest  acid  and 
even  anhydride,  the  contact  process  entered  on  a  new  phase. 

The  Austrian  firm,  L.  D.  Stark,  which  up  till  then  had 
supplied  all  the  fuming  sulphuric  acid,  could  no  longer  meet 
the  increased  demand,  and  prices  went  up  accordingly.  The 
demand  had  to  be  met  somehow,  and  the  contact  process  was 
the  only  possible  means  of  solving  tlie  difficulty. 

Winkler,  as  already  stated,  was  the  first  to  publish  a 
method  by  which  sulphuric  acid  anhydride  could  be  obtained 
by  the  action  of  platinised  asbestos  on  a  mixture  of  SOo  and  0. 
In  his  publication  he  already  recognised  the  modern  law  of 
chemical  mass  action,  according  to  which  all  admixtures  of  in- 
different gases  would  be  deleterious  to  the  contact  action,  but, 
curiously  enough,  he,  and  many  others  after  him,  made  the 
mistake  of  considering  the  superfluous  oxygen  as  an  indifferent 
body.  Being  convinced  of  this  idea,  he  employed  a  mixture 
of  SO2  and  O  in  molecular  proportions,  obtaining  it  throucfh 
the  decomposition  of  ordinary  sulphuric  acid  into  its  com- 
ponents, SO2,  O,  and  H.^0  by  the  employment  of  sufficient 
heat.  After  havine:  absorbed  the  water,  he  passed  the  remain- 
ing mixture  of  sulphur  dioxide  and  oxygen  which  were  now, 
of  course,  in  the  exact  proportions  in  which  they  would  com- 
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bine  lo  anhydride — over  platinised  asbestos,  and  thus  obtained 
a  very  satisfactory  amount  of  SC).,.  The  yield  of  about  75  per 
cent,  wliich  he  obtained,  and  which  was  considered  at  the  time 
simply  marvellous,  would  now  certainly  not  be  considered  good 
enough  for  the  production  of  anhydride,  much  less,  of  course, 
for  the  manufacture  of  sulphuric  acid. 

Almost  at  the  same  time,  in  September,  1875,  W.  S.  Squire 
took  out  an  English  patent  for  making  sulphuric  acid  anhy- 
dride, wliich  was  practically  identical  with  Winkler's  process. 
He  also  believed  that  a  molecular  proportion  of  the  two  gases 
was  necessary,  and,  just  like  Winkler,  considered  Deville's 
method  for  making  oxygen  bj'  decomposing  sulphuric  acid  at 
high  temperature  as  the  most  suitable  for  this  process.  He 
employed  platinised  pumice-stone  as  contact  substance,  but 
found  out  that  it  lost  its  activity  through  the  accumulation  of 
impurities  which  separated  out  from  the  gases  employed. 

In  Germany,  where  Winkler's  process  was  not  protected 
by  patent,  many  factories  started  to  manufacture  anhydride 
according  to  his  method.  This  process,  therefore,  marked  a 
new  stage  in  the  history  and  further  development  of  the  contact 
process. 

During  the  years  that  followed  great  efforts  were  made  to 
overcome  the  technical  difficulties  of  Winkler's  process.  The 
high  temperature  necessary  for  the  decomposition  caused  a 
very  rapid  deterioration  of  the  plant,  and  this  was  the  difficulty 
most  hard  to  overcome. 

Dr.  E.  Jacob  was  the  first  to  manufacture,  on  a  large  scale 
at  Kreuznach,  according  to  Winkler's  process,  and  many  other 
factories  followed  in  quick  succession.  Several  patents  were 
taken  out  for  various  modifications  and  improvements,  and  of 
these.  Squire's  German  patent  4285  of  1878  is  perhaps  of  in- 
terest, insomuch  as  it  mentions  the  necessity  for  regulating  the 
temperature  in  the  contact  chamber  and  the  regeneration  of 
heat.  Dr.  Majert  manufactured  in  Schlebusch  and  other 
places  according  to  a  method  which  is  described  in  his  French 
patent,  122130,  of  1878.  It  is  interesting  to  learn  that  he 
even  then  proposed  to  spread  the  platinised  asbestos  on  wire 
netting,  in  order  to  offer  as  little  resistance  as  possible  to  the 
entering  ^ases,  a  procedure  which  Knietsch  claimed  as  a 
novelty  in  his  patent  application  of  1898. 

The  production  of  sulphuric  acid  anhydride  had  now  be- 
come an  established  industry,  and  the  monopoly  of  the  Austrian 
works  for  fuming  sulphuric  acid  was  broken  once  and  for  all. 
The  demand  for  a  cheaper  raw  material,  however,  became  more 
and  more  pressing,  and  as  it  was  soon  recognised  that  the  mole- 
cular proportion  of  the  two  gases,  such  as  is  obtained  by  the 
decomposition  of  sulphuric  acid  by  Winkler's  method,  was  not 
at  all  essential  in  order  to  obtain  good  yields,  a  new  field  was 
thus  opened  to  the  various  inventors.  Winkler  himself  recom- 
mended in   1878  the  employment  of  ordinary  roast  gases  for 
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the  contact  process,  and  although  this  remained  a  secret  for  a 
long  time,  we  know  now  that  since  1879  sulphuric  acid  anhy- 
dride was  produced  from  roast  gases  in  Freiherg. 

The  sensitiveness  of  the  platinum  contact  substance  to 
impurities  of  anv  kind  in  the  roast  gases  had  also  been  recog- 
nised in  the  early  stages  of  the  contact  process,  but  the  com- 
plete purification  of  these  gases  presented  great  difficulties  in 
those  days.  Various  methods  were  suggested  and  actually  em- 
ployed to  produce  sulphurous  acid  in  an  absolutely  pure  state. 

About  this  time  the  German  chemical  works  at  Thann 
entered  into  negotiations  with  Chapman,  Messel  and  Co.,  of 
London,  in  order  to  secure  the  patent  rights  of  Squire's  original 
process,  which  was  then  being  worked  at  Silvertown,  near 
London.  Squire,  who  had  in  the  meantime  left  Chapman  and 
Messel,  proposed  a  new  method  of  purification  to  the  German 
corapany,  which  consisted  in  compressins:  the  sulphur  dioxide 
obtained  by  the  combustion  of  Sicilian  sulphur,  and  afterwards 
evaporating  it  by  means  of  steam,  when  the  gas  obtained  was 
naturally  in  a  perfectly  pure  state.  After  being  mixed  with 
the  theoretical  quantity  of  air  it  was  led  through  the  contact 
ovens,  which  were  filled  with  platinised  asbestos.  The  anhy- 
dride produced  was  absorbed  in  towers,  which  were  scrubbed 
with  concentrated  sulphuric  acid.  This  method  was  adopted 
by  the  Thann  factory  in  1881,  after  many  experiments  and 
trials,  and  gave  very  satisfactory  results.  Chapman,  Messel 
and  Co.  afterwards  installed  a  similar  plant  at  Silvertown. 

Dr.  Schroeder  introduced  a  process  much  the  same  as  this 
at  Grillos  Works,  Hamborn,  Germany,  where  liquid  sulphur- 
dioxide  was  being  manufactured  by  the  Schroeder-Hanisch 
process.  As  the  demand  for  this  chemical  was  not  very  great 
it  was  thought  advisable  to  use  part  of  it  for  the  manufacture 
of  anhydride,  and  experiments  which  were  carried  on  with  this 
object  in  view  were  so  successful  that  in  1887  the  Badische 
Anilin  and  Soda  Fabrik  of  Ludwigshaven  acquired  the  sole 
right  of  manufacturing  anhydride  by  this  method.  But  the 
possibility  of  using  the  cheap  roast  gases  for  the  contact  pro- 
cess was  not  lost  sight  of  in  the  meantime.  All  the  producers 
of  anhydride  continued  experiments  in  this  direction,  and  were 
more  or  less  successful  in  obtaining  the  desired  result.  It 
would  lead  us  too  far  to  follow  in  detail  all  the  interesting  re- 
searches which  had  to  be  made  in  order  to  clear  up  the  diffi- 
culties which  presented  themselves  daily  to  the  chemists,  or  to 
describe  the  great  amount  of  skill,  energy,  and  patience  which 
were  necessary  to  overcome  them.  Suffice  it  to  say  that  various 
firms  succeeded  in  working  out  processes,  and  to-day  they  not 
only  supply  anhydride  at  very  low  prices,  but  actually  compete 
successfully  with  the  manufacture  of  sulphuric  acid  by  the 
chamber  process.  The  various  improvements  which  the  in- 
dividual firms  introduced  in  the  course  of  time  were,  and  are, 
kept  secret  to  an  extent,  although  few,  if  any,  really  new  dis- 
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coveries  were  employed  in  the  working  of  the  modernised  pro- 
cess. They  were  really  more  ingenious  adaptations  and  com- 
binations of  well-known  processes,  so  manufacturers  soon 
realised  the  difficulty  of  protecting  their  processes  by  patent. 
Consequently  there  were  hardly  any  patented  processes  known 
until  1898,  when  the  Hochster  f  arbwerke,  Grillo,  the  Badische 
Anilin  and  Soda  Fabrik,  the  Mannheim  factory,  and  others 
took  out  a  number  of  patents  in  quick  succession  for  the  manu- 
facture of  anhydride  and  sulphuric  acid.  This  sudden  change 
was  brought  about  by  the  difficulty  which  the  various  firms  ex- 
perienced in  keeping  their  methods  secret.  It  was  only  to  be 
oxpected  that  those  still  struggling  with  their  experiments 
should  take  advantage  of  the  hints  contained  in  the  published 
patents,  and  although  this  was  a  serious  matter  for  the 
patentees,  it  did  a  great  deal  to  advance  the  industry  generally. 
As  a  result,  there  are  now  a  great  number  of  factories  produc- 
ing sulphuric  acid  and  anhydride  on  a  very  large  scale,  and 
vheir  special  methods  are  covered  by  numerous  patents.  There 
are  also  some  factories  which  still  keep  their  methods  secret, 
the  more  important  among  these  being  Chapman,  Messel  and 
Co.,  at  Silvertown,  England,  the  United  Alkali  Co.,  at  various 
factories,  and  Tentelew's  chemical  factory,  at  St.  Petersburg. 

The  processes  at  present  known,  or  at  least  partially  so,  can 
be  divided  into  two  classes — those  which  employ  platinum  in 
some  form,  and  those  which  employ  other  bodies  as  the  cata- 
lytic substance. 

In  the  first  category  are  included  the  processes  of  the 
Badische  Anilin  and  Soda  Fabrik,  that  of  the  Actien  Gesell- 
schaft  fiir  Zink-Industrie  at  Hamborn,  Winkler's  process  as 
carried  on  at  Freiberg,  and  Dr.  Rabe's  method. 

The  second  are  represented  by  the  Mannheim  process  and 
tliat  of  the  llochster  Farbwerke. 

All  the  above  firms  ranked  amongst  the  early  pioneers  of 
the  contact  process,  and  developed  their  special  methods  more 
or  less  independently.  They  all  recognised  at  some  time  or 
other  the  superiority  of  platinum  over  any  other  contact  sub- 
stance, the  necessity  for  a  thorough  purification  and  drying  of 
the  gases  employed,  and  the  importance  of  the  careful  regula- 
tion of  the  temperature  in  the  contact  apparatus  itself.  How- 
ever, Dr.  Knietsch,  of  Ludwigshaven,  was  the  first  to  publish 
an  exhaustive  and  valuable  paper  (in  1901),  in  which  he  de- 
veloped the  theory  of  the  contact  process  under  various  condi- 
tions on  the  strength  of  numerous  experiments  and  most  in- 
teresting researches.  He  proved  conclusively  that  Ihe  reaction 
can  only  take  place  quantitatively  in  the  presence  of  an  excess 
of  oxygen.  He  further  showed  that  the  catalytic  acticui  of 
platinum  under  practical  conditions  starts  at  about  200^0.,  and 
that  the  velocity  of  the  reaction  increases  rapidly  with  increas- 
ing temperatures.  At  380 — 400°  C,  SO.^  is  completely  trans- 
formed into  anhydride,  and   this  state  remains  constant  until 
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about  430°  C.  A  decomposition  of  the  anhydride  already 
formed,  takes  j)lace  at  temperatures  above  the  latter  point,  and 
at  about  1,000  C.  no  reaction  whatever  takes  place.  He  also 
proved  that  the  anhydride  thus  formed  remains  as  such,  even 
at  fairly  high  temperatures,  but  if  allowed  to  remain  in  contact 
with  the  catalytic  substance  it  is  readily  decomposed  at  com- 
paratively low  temperatures. 

From  these  and  many  other  interesting  experiments, 
which  time  does  not  permit  me  to  detail  more  fully,  he  arrived 
at  conclusions  which  have  proved  themselves  to  be  of  the  very 
greatest  importance  for  the  practical  working  of  the  contact 
process. 

The  scientific  world  and  the  manufacturers  of  anhj'dride 
are  deeply  indebted  to  Dr.  Knietsch  for  the  valuable  informa- 
tion he  has  given  them,  for  it  has  in  manv  instances  supplied 
the  correct  answer  to  the  many  whys  and  wherefores  of  the 
-contact  process. 

While  endeavouring  to  describe  tlie  actual  working  of  the 
modem  contact  process,  it  will  naturally  be  impossible  to  fol- 
low it  in  all  the  manifold  modifications,  therefore  it  will  per- 
haps serve  the  purpose  of  this  paper  as  well  if  only  its  main 
features  are  outlined,  and  attention  drawn  to  any  specially  out- 
standing procedure. 

lleference  has  already  been  made  to  the  conditions  which 
have  to  be  observed  in  order  to  ensure  a  proper  working  of  the 
contact  process,  and  these  are  now  generally  recognised.  With 
few  exceptions  the  various  manufacturers  and  inventors  only 
<liffer  in  the  various  ways  of  attaining  these  conditions,  and 
they  naturally  all  claim  for  themselves  tlie  cheapest  and  most 
reliable  method. 

The  modern  methods  of  contact  process,  as  has  been  seen, 
can  be  divided  into  two  classes,  and  perhaps  a  description  of 
the  process  of  the  Badische  Fabrik  will  serve  as  an  example  of 
the  first  class. 

This  selection  has  been  made,  because,  in  the  writer's 
opinion,  it  is  the  most  representative  and  instructive  of  its 
class,  and  it  might  be  remarked  here  that  the  process  about  to 
be  started  by  the  local  Dynamite  Factory  is  much  the  same  in 
both  principle  and  practice. 

The  Badische  Soda  Fabrik  lays  particular  stress  on  "  the 
preliminary  treatment  of  the  gas-mixtures  to  be  operated  on, 
on  the  regulation  of  the  conditions — ^particularly  as  to  the. 
temperature  under  which  the  combination  of  the  gases  takes 
place — and  on  a  peculiar  arrangement  of  tlie  contact-substance 
in  the  apparatus,  for  the  purpose  of  obtaining  therefrom  the 
most  advantageous  effects.'* 

The  preliminary  treatment  consists  of  thoroughly  mixing 
the  gas  mixture,  washing  it,  and  finally  re-drying  it. 

The  mixing  of  the  gases  has  for  its  object  the  burning  of 
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all  sublimed  sulphur  which  might  be  present,  and  which  is 
very  harmful  as  a  carrier  of  impurities. 

This  is  effected  bj^  a  jet  of  steam,  which,  on  condensing, 
afterwards  serves  to  dilute  the  small  quantities  of  sulphuric 
acid  whicli  separate  from  the  gases  on  their  way  to  the  wash- 
ing apparatus.  The  mixed  gases,  after  having  been  gradually 
cooled  in  a  special  cooling  apparatus,  are  then  subjected  to  a 
washing  process,  where  they  are  purified  completely  and  freed 
from  all  injurious  admixtures. 

Tlie  washing  is  effected  by  means  of  water  or  diluted  sul- 
phuric acid  in  scrubbers,  and  special  chemical  and  optical  tests 
are  employed  to  make  certain  that  no  injurious  admixtures  are 
present.  The  gases  are  next  dried  over  concentrated  sulphuric 
acid,  and  after  having  been  heated  to  a  suitable  temperature 
arc  led  into  the  contact  apparatus.  In  tliis,  the  contact  sub- 
stance (platinised  asbestos)  is  spread  out  on  sieves,  which  are  so 
arranged  that  each  one  supports  the  sieve  immediately  above 
it.  The  gases  thus  find  little  or  no  resistance  in  passing 
through  the  apparatus,  and  ordinary  rotating  fans  are  sufficient 
to  suck  them  through  the  whole  system. 

The  contact  apparatus  has,  further,  special  heating  and 
cooling  appliances,  by  whicli  the  temperature  of  the  contact 
chamber  is  regulated.  The  cooling  arrangements  form  a  spe- 
cial feature  of  this  process. 

The  excessive  heat,  whicli  is  the  result  of  the  reaction,  is 
utilised  for  the  pie-heating  of  the  roast  gases  before  they  are 
admitted  into  the  contact  cliamber.  As  the  greatest  amount  of 
heat  is  liberated,  where  the  gases  first  meet  the  contact  sub- 
stance, and  an  overheating  is  most  likely  to  occur  at  this  place, 
provision  is  made  for  the  cooling  gases  to  enter  the  jacket  which 
surrounds  the  contact  chamber  at  this  point.  The  temperature 
of  all  parts  of  the  apparatus  is,  of  course,  closely  watched  by 
means  of  pyrometers,  and  regulated  accordingly. 

The  anhydride  produced  is  afterwards  absorbed  by  strong 
sulphuric  acid,  in  wliich  it  readily  dissolves. 

The  Badische  Fabrik  claims  to  obtain  with  this  process 
a  yield  of  9G  to  98  per  cent.,  and  this  is  certainly  very  satis- 
factory. 

The  principal  feature  of  Winkler's  process  is  the  filtration 
of  the  roast  gases,  lie  does  not  employ  a  washing  process  for 
their  purification,  considering  a  simple  filtration  through  wool 
and  wood  shavings  sufficient.  As  in  the  Rabe  method,  he  does 
not  aim  at  a  complete  conversion  of  the  SOj  into  anhydride, 
and  leads  the  unconverted  sulphur-dioxide  to  ordinary  sul- 
phuric acid  chambers. 

Grillo\s  process  is  more  akin  to  that  of  the  Badische  Fab- 
rik, but  differs  from  it  principally  in  the  methods  employed  for 
purifying  the  gases  and  in  the  disposition  of  tlie  contact-sub- 
stance. This  latter  is  in  a  compressed  state,  and  as  a  result 
offers  so  much  resistance  to  the  passage  of  the  gases  that  com- 
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pressors  are  employed  for  the  purpose  of  moving  them  through 
the  system.  The  inventors,  however,  maintain  that  this  slight 
compression  is  very  advantageous,  insomuch  as  it  brings  the 
gas-particles  closer  together,  tlius  insuring  a  better  conversion. 

The  second  category  of  processes  still  remains  to  be  con- 
sidered, and,  as  will  be  remembered,  they  are  concerned  with 
the  catalytic  eftect  produced  by  bodies  other  than  platinum. 
Perhaps  the  Mannheim  process  is  the  most  interesting  of  this 
class.  By  it,  the  conversion  of  sulphur-dioxide  into  anhy- 
dride is  effected  in  two  separate  stages,  and  many  of  the  con- 
clusions at  which  Dr.  Knietsch  arrived  as  a  result  of  his  elabo- 
rate researches,  published  in  1901,  were  employed  in  the 
Mannheim  process  on  a  working  scale  as  early  as  1898. 
The  first  stage  of  the  conversion  is  effected  bv  the  catalytic 
action  of  oxide  of  iron.  Only  a  part  of  the  sulphur-dioxide  is 
converted  into  anhydride  at  this  stage,  and  the  remainder  is 
catalysed  by  passing  over  platinum  in  the  usual  manner.  The 
process  seems  to  give  very  satisfactory  results. 

It  is  essential  that  the  roast  gases  should  be  absolutely 
dry,  so  the  air  used  for  roasting  the  pyrites  is  dried  with  sul- 
phuric acid.  The  dry  roast  gases  are  first  of  all  passed  up  a 
tower  filled  with  iron  oxide,  where  60  to  65  per  cent,  of  the 
sulphur-dioxide  is  converted  into  anhydride.  The  arsenic  con- 
tained in  the  roast  gases  is  at  the  same  time  chemically  fixed 
by  the  iron  oxide,  and  thus  effectively  removed,  and  it  is  in- 
teresting to  note  that  the  arseniate  of  iron  improves  the  cata- 
lytic action  of  the  oxide. 

The  gases  next  pass  into  a  cooling  apparatus,  when  all  the 
anhydride  formed  condenses.  The  unconverted  portion  of  the 
gases  passes  on,  is  filtered  through  loose  and  porous  bodies,  and, 
after  having  been  heated  to  the  required  temperature,  is  next 
passed  over  the  contact  substance,  which  is  contained  in  a 
second  chamber,  where  the  final  conversion  takes  place.  The 
next  stage  in  the  process  is  the  passing  of  the  gases  through 
another  cooling  apparatus,  and  finally  through  an  absorption 
plant,  when  the  anhydride  formed  in  the  second  stage  of  the 
process  is  retained. 

The  Farbwerke  at  Hoechst,  which  was  one  of  the  first  to 
produce  anhydride  and  sulphuric  acid  by  the  contact  process, 
has  lately  taken  patents  for  another  method.  In  this  they 
employ  roasted  pyrites,  which  are  impregnated  with  iron  sul- 
phate, for  effecting  the  conversion  of  the  SO2  of  the  roast- 
gases  employed  into  anhydride. 

The  iron  sulphate  decomposes  at  the  high  temperatures 
into  iron  oxide,  sulphuric  acid,  and  anhydride,  and  this  newly- 
formed  iron  oxide  has  in  addition  a  very  energetic  catalytic 
action  readily  acting  on  the  sulphur-dioxide  of  the  roast-gases. 
The  reaction  takes  place  in  a  long  channel.  At  the  one  end  the 
impregnated  roasted  material  is  being  continually  introduced, 
and  meets  the  roast-gases  coming  from  the  opposite  direction. 
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This  method  seems  also  to  give  very  satisfactory  results. 
It  is  at  present  carried  out  in  the  Hochster  Farbwerke  itself,  as 
also  in  Hamburg  and  Hruschau. 

This  very  brief  outline  of  the  contact  process  has,  I  am 
aware,  been  very  superficial,  but  the  main  principles  have  been 
referred  to.  The  subject  is  so  vast  that  it  is  impossible  to  do 
m^ore  within  the  limits  of  an  ordinary  paper,  but  on  a  future 
occasion  it  maj*  be  my  privilege  to  revert  again  to  the  subject. 


9.— SOME  ECONOMIC  PEOBLEMS  IN  METALLURGY  ON 

THE  WITWATERSRAND. 

By  Harry  S.  Denny. 

In  these  notes  I  propose  to  deal  briefly  with  the  main 
operations  of  present  practice,  and  with  some  of  the  points 
where,  contingent  upon  the  settlement  of  certain  problems  now 
confronting  us,  material  improvements  appear  to  be  both  pos- 
sible and  probable. 

The  metallurgist  on  these  fields  has  not  to  deal  with  any- 
thing in  the  nature  of  a  highly  refractory  ore,  and  his  opera- 
tions, therefore,  are  not  interfered  with  by  complex  chemical 
difficulties  at  any  point.  Despite  this  fact,  however,  and  even 
admitting  that  each  of  the  problems  before  us  is  more  or  less  of 
a  simple  nature  from  a  metallurgical  point  of  view,  we  find 
that  the  factor  of  economy  is  so  interwoven  with  the  more^ 
scientific  aspect  at  every  point  that  our  problems  demand  the 
most  careful  investigation  for  their  determination  and  solu- 
tion, particularly  in  view  of  their  bearing  on  the  general  ad- 
vancement that  is  being  witnessed  from  year  to  year. 

From  the  preliminary  breaking  of  our  ores  to  the  handling 
of  the  final  residues  a  remarkable  amount  of  care  has  been  de- 
voted to  every  important  function  of  our  various  processes,  par- 
ticularly in  the  past  10  years,  and  in  eacli  of  the  operations^ 
as  ccmducted  here,  there  is  no  doubt  that  we  have  the  embodi- 
ment of  nearly  all  that  practical  science  knows  in  those  direc- 
tions to-day. 

I  propose  to  brieflj^  touch  upon  the  more  important  of 
these  operations  for  the  purpose  of  indicating  what  the  precise 
nature  of  some  of  the  problems  connected  with  them  is,  and 
finally  I  shall  endeavour  to  indicate  what  effect  the  successful 
settleuient  of  some  of  these  problems  may  have  upon  our  metal- 
lurgical schemes  of  to-day. 

PRELIMINARY     BREAKING. 

The  necessity  for  preliminary  breaking  is  dependent  upon 
two  factors :  — 

1.  The  spacing  of  the  bars  over  the  ore  bins  in  the  mine. 

2.  The  spacing  of  the  grizzly  bars  in  the  headgear. 
Depending  upon  these  two  factors  we  have  a  certain  size 

and  quantity  of  ore,  which  will  not  pass  through  the  grizzlier 
in  the  headgear,  and  if  amongst  these  we  have  to  deal  with 
blocks  up  to  10  in.  in  diameter,  it  is  usual  to  select  such  pieces 
and  submit  them  to  a  preliminary  hand  breaking  for  the  sepa- 
ration of  any  pieces  of  reef  from  waste  rock,  or  for  the  purpose 
of  reducing  the  size  to  a  point  suitable  for  the  second  crushing 
which  ensues  after  sorting. 

The  practice  is  generally  tending  towards  reducing  the 
space  between  the  bars  over  the  ore  bins  in  the  mine,  so  that 
the  preliminary  breaking  by  hammer  may  be  done  under- 
ground, but  in  every  mine  will  be  found  some  variation  in  the 
particular  manner  in    which    the  ore    breaks,    and    the    bars 
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should  be  so  placed  as  to  meet  the  requirements  of  each,  and 
in  such  a  way  as  to  ensure  that  there  will  not  be  a  large  per- 
centage of  big  pieces  of  ore  passing  over  the  grizzlies  in  the 
headgear.  The  bars  in  the  headgear  grizzlies  are  so  placed  as 
to  effect  the  separation  of  the  fines  from  the  coarser  rock,  and 
if  the  spacing  is  too  liruited  choking  on  the  bars  will  ensue, 
whilst,  on  the  contrary,  if  too  wide  too  much  coarse  rock  passes 
through  with  the  fines.  For  each  mine  the  particular  limit 
suiting  the  ore  must  be  determined. 

The  object  of  the  separation  on  the  grizzlies  is  twofold, 
being,  firstly,  to  leave  the  coarse  rock  so  clean  that,  after 
wetting,  reef  matter  may  be  easily  separated  from  waste  rock, 
and,  secondly,  that  the  coarse  rock  may  be  subjected  to  a 
further  reduction  in  crushers  without  necessitating  the  passing 
of  all  the  original  fines  through  crushers  also. 

If  a  large  percentage  of  sorting  is  to  be  done,  that  is  to 
say,^  if  the  reefs  mined  are  very  narrow  and  the  bulk  of  the 
ore  consists  of  waste,  and  if  the  reef  matter  has  a  tendency  to 
adhere  to  the  country  rock  on  the  footwall  and  hanging  wall 
sides,  then  to  obtain  a  high  percentage  sorting  it  is  necessary 
to  reduce  the  coarse  rock  passing  over  the  grizzlies  to  some- 
thing in  the  neighbourhood  of,  say,  3  in.  cubes.  Where  there 
is  not  such  a  large  proportion  of  waste,  and  where  the  other 
difficulties  mentioned  do  not  obtain,  the  preliminary  crushing 
need  not  be  carried  to  so  fine  a  point. 

SORTING. 

The  object  of  sorting  is  to  discard  rock  of  no  value 
in  order  to  avoid  the  cost  of  handling  it  in  the  subse- 
quent treatment  operations  and  the  value  of  limitations  of 
the  operation  are  contingent  entirely  upon  the  working  costs 
obtaining  on  the  particular  mine  concerned,  i.e.,  it  will  be 
economical  only  to  discard  rock  of  a  value  which  would  not 
show  a  profit  in  those  other  operations  referred  to.  On  each 
mine  this  is  a  particularly  close  calculation,  as  to  do  a  too  low 
percentage  of  sorting  in  order  to  be  sure  that  the  discarded 
rock  is  valueless  may  leave  a  certain  percentage  of  waste  rock 
in  the  ore,  which  is  afterwards  treated  at  a  loss;  whilst,  on  the 
contrary,  to  carry  the  operation  to  too  high  a  point  ma3^  again 
result  in  loss  by  virtue  of  discarding  rock  of  an  average  value 
that  would  yield  a  small  profit  by  treatment. 

Again  we  have  a  point  that  for  its  determination  requires 
the  most  careful  handling,  and  one  that  on  each  particular 
mine  must  be  figured  out  to  suit  all  the  other  conditions. 

The  difficulties  that  immediately  confront  one  in  this 
problem  are :  — 

1.  To    ascertain    accurately    the    value    of    the    discarded 

rock;  and 

2.  To  figure  exactly  what  limit  of  value  must  pertain  to 

the  ore  to  ensure  profitable    treatment    in    the    subse- 
quent operations. 
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Many  suggestions  have  been  made  regarding  the  first 
point,  but  no  recognised  or  efficient  method  has  yet  been 
adopted  generally  on  these  fields;  whilst  regarding  the  second 
point,  to  my  mind,  there  are  many  factors  that  have  to  be  taken 
into  consideration  which  are  generally  neglected.  For  in- 
stance, we  assume  that  on  10  dwt.  rock  an  85  per  cent,  extrac- 
tion is  obtainable,  but  it  does  not  follow  that  on  2  dwt.  rock 
the  same  result  can  be  obtained. 

Again,  we  have  to  consider  that  every  ton  of  waste  rock 
that  comes  into  the  mill  becomes  enriched  as  sands  residues, 
slimes,  or  slimes  residues;  and  thirdly  there  is  the  factor  of 
increased  consumption  of  water  with  its  concomitant  increased 
pumping  charges,  loss  of  water,  up-keep  of  dams,  etc. 

It  will  be  seen  from  the  above  that  to  figure  exactly  on 
the  limitations  of  sorting  is  a  particularly  nice  calculation, 
and  in  my  opinion  one  that  has  so  far  been  treated  more  in  a 
general  than  in  a  detailed  fashion,  and  one,  further,  that 
requires  ventilation. 

CRU  SUING. 

After  sorting  the  ore  is  passed  through  further  breakers, 
and  reduced  to  something  in  the  neighbourhood  of  1|  in.  to 
2  in.  cubes. 

Again,  we  are  confronted  with  the  question  whether  it 
would  not  be  more  economical  to  design  our  crushers  to  reduce 
the  whole  of  the  ore  to  the  size  of  peas,  or  say  ^  in.  cubes. 

The  problem  we  have  to  determine  may  be  stated  as  the 
cost  of  breaking  ore  by  the  ordinary  gyratory  or  toggle  move- 
ment of  a  crusher  as  compared  with  the  cost  of  direct  percus- 
sion, such  as  obtains  in  a  stamp  mill. 

There  is  no  doubt  that  the  capacity  of  a  stamp  mill  would 
be  much  higher  per  stamp  per  day  on  J  in.  cubes  than  on  1^  in. 
cubes,  but  against  this  increased  capacity  we  have  to  set  the 
cost  of  reducing  in  crushers  to  the  lower  of  these  limits.  The 
correct  determination  of  this  point  would  ensure  the  maximum 
efficiency  from  both  our  crushers  and  our  stamps,  but  the  line 
of  demarcation  has  yet  to  be  accurately  determined.  It  would 
appear,  however,  that  as  the  churning  tendency  of  a  stamp  mill 
does  not  appear  in  a  crusher — or,  in  other  words,  that  whereas 
We  can  obtain  positive  clearance  in  a  crusher,  we  cannot  do  so 
in  a  stamp  mill — the  reduction  to  comparatively  low  limits  in 
our  crushers  would  prove  the  more  economical  operation. 

MILLING. 

In  the  stamp  mills  of  a  battery  the  ore  is  reduced  to 
various  finenesses,  ranging  from  300  to  1,000  holes  to 
the  square  inch,  and  practice  on  this  point  has  so  far  been 
guided  by  the  extraction  obtained  in  the  operations  of  sands 
treatment  and  slimes  treatment.  The  point  arises,  however,  as 
to  where  the  full  virtue  of  crushing  with  a  mill  ceases :  that 
is  to  say,  whether  it  would  not  be  more  profitable  to  use  a 
mesh  of  100  holes  to  the  square  inch  with  the  object  of  further 
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reducing  in  a  separate  plant,  or  whether  we  should  generally 
adopt,  say,  1,000  holes  to  the  square  inch. 

Experience  has  shown  that  after  a  certain  point  has  been 
reached — say  to  300  holes  to  the  square  inch — that  the  further 
i*eduction  from  that  point  to  1,000  holes  to  the  square  inch  is- 
more  economically  and  easily  done  by  attrition  than  by  per- 
cussion, and  again  we  are  confronted  with  the  fact  that  the 
churning  action  in  the  mill  tends  to  retard  clearance,  whilst  in 
a  proper  attrition  mill,  such  as  a  flint  mill,  clearance  becomes 
more  positive. 

On  general  principles,  therefore,  in  my  opinion,  it  may  be 
accepted  as  an  axiom  that  sliming  can  be  more  economically 
done  on  the  principle  of  attrition  than  percussion,  and  we  are^ 
therefore  called  upon  to  determine  the  precise  point  where  the 
virtue  of  milling  ceases  and  that  of  attrition  begins.  So  far 
this  point  has  not  been  settled,  and,  as  before  remarked,  prac- 
tice has  been  guided  in  the  alteration  of  the  mesh  employed  by 
the  results  obtained  from  the  ensuing  operations. 

AMALGAMATIOX. 

From  the  mill  the  crushed  pulp  is  passed  over 
amalgamated  copper  plates,  and  (ui  an  average  on  these 
fields  between  60  per  cent,  and  70  per  cent,  of  the  total  recovery 
has  been  extracted  by  this  operation. 

There  is  very  little  variation  in  the  method  of  erecting 
plates  and  working  them.  There  are  slight  differences  in  the 
amount  of  mercury  used,  and  the  manner  and  time  of  dressing 
the  plates,  and  so  on;  but,  in  general,  practice  on  this  point 
may  be  taken  as  fairly  uniform. 

In  the  past  20  years  many  attempts  have  been  made  to 
improve  amalgamation  by  using  amalgamated  drums,  mercury 
riflBes,  etc.,  but  no  radical  alterations  have  been  adopted. 

In  view  of  the  fact  that  there  are  certain  vital  differences 
in  the  physical  constitution  of  the  Witwatersrand  Banket  Ores 
it  would  appear  only  natural  to  assume  that  to  obtain  the 
highest  extraction  by  amalgamation  certain  innovations  on 
general  practice  would  be  found  necessary;  and  in  view  of  the 
further  fact  that  it  is  by  this  operation  that  the  bulk  of  our 
gold  is  extracted,  I  think  that  something  should  be  done  in  the 
matter  of  determining  whether  some  improvement  or  alteration 
to  meet  differences  in  ore  constitution  could  not  be  made.  It 
is  hardly  reasonable  to  suppose  that  we  have  reached  perfection 
in  amalgamation  methods,  and  although  I  find  it  difficult  to 
suggest  anything  in  the  way  of  an  alteration  that  could  be 
considered  as  constituting  a  radical  change,  I  still  have  the 
feeling  that  we  should  know  more  about  the  application  of  this 
operation  to  our  various  ores  than  we  do  to-day. 

It  must  not  be  forgotten  in  this  connection  that  amalga- 
mation is  the  least  expensive  operation — in  relation  to  the  gold 
that  it  accounts  for — that  we  to-day  employ,  and  it  therefore 
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becomes  incumbent  upon  us  to  bring  our  practice  on  this  par- 
ticular point  to  the  highest  possible  efficiency. 

There  is  no  doubt  that  the  mesh  employed  in  the  mill  haa 
a  very  direct  bearing  on  the  amount  of  gold  caught  on  our 
plates,  and  following  on  this  it  may  be  further  stated  that 
within  reasonable  limits  the  finer  the  mesh  the  greater  the 
efficiency  of  amalgamation. 

It  would  appear,  therefore,  that  fine  grinding  gains  one 
important  advantage,  even  at  tliis  stage,  over  coarse  grinding,^ 
and  this  fact  must  not  be  overlooked  when  the  cost  of  fine 
grinding  is  being  taken  into  consideration. 

It  has  been  suggested  by  many  writers  that  if  a  coarse 
mesh  is  used  on  the  mill,  the  pulp  after  passing  over  the  plates 
should  be  classified  into  fine  pulp,  capable  of  passing  through 
a  mesh  of  100  holes  to  the  linear  inch,  and  that  the  balance, 
consisting  of  coarser  fragments,  should  be  returned  to  the  mill. 
The  percentage  of  slimes  separated  in  this  way  .varies  very 
considerably  on  different  mines,  and,  expressed  in  figures,  em- 
ploying a  600  mesh,  it  might  be  put  approximately  at  from  40 
per  cent,  to  60  per  cent.,  and  the  amount  returned  to  the  mill 
would  therefore  vary  in  this  ratio,  and  the  capacity  of  the  mill 
would  equally  vary. 

As  before  stated,  it  is  most  important  to  get  the  highest 
possible  extraction  by  amalgamation,  and  if  by  finer  grinding 
the  extraction  can  be  improved,  we  are  faced  with  a  problem 
the  solution  of  which  will  determine  the  limitations  of  fine 
grinding. 

As  the  operations  of  cyaniding  and  sliming  are  conducted 
to-day  the  question  of  fine  grinding  has  an  important  bearing, 
and  on  most  mines  the  operation  of  milling  is  conducted  to 
produce  as  small  an  amount  of  slimes  as  possible,  as  the  sub- 
sequent settlement  of  the  sands  and  the  leaching  product  pro- 
vided by  that  settlement  is  directly  influenced  by  the  amount 
of  slime  in  the  pulp :  that  is  to  say,  if  the  whole  of  the  ore 
was  slimed  to  a  point  where  it  would  all  pass  through  a  mesh 
of,  say,  200  holes  to  the  linear  inch,  then  our  present  sands 
treatment  could  not  be  practised.     The  points  therefore  are  :  — 

1.  To  what  extent  could   we    increase    our    extraction   by 

amalgamation  by  fine  grinding? 

2.  To  what  extent  do  we  depreciate  the  value  of  our  sands 

treatment  on  the  same  score?     And, 

3.  Assuming  that  we  slime  everything,  and  we  treat  the 

pulp  after  leaving  the  plates  as  a  slime,  would  results 
on  that  basis  show  a  higher  extraction  on  the  com- 
bined operations  of  amalgamation  and  slimes  treat- 
ment, than  at  present  obtained  on  amalgamation, 
sands  treatment,  and  slimes  treatment. 

Into  this  consideration  enter  many  factors  of  importance, 
which  may  be  stated  as  follows:  — 

1.  Is  there  anv  known  method  for  the  treatment  of  such 
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slimes  which  has  operated  successfully  over  a  given 
period  ? 

2.  Does  that  operation  entail  further  capital  expenditure 

in  the  way  of  plant,  or  further  working  costs  in  opera- 
tion ? 

3.  Could  we  safely  calculate  to  get    the    same    extraction 

from  the  whole  of  the  pulp  treated  as  slimes  as  we  do 
from  the  slimes  plant  in  operation  on  the  Eand  to- 
dav  ? 

In  reply  to  these  questions,  we  have  not,  as  far  as  these 
fields  are  concerned,  any  evidence  which  entirely  fulfills  the 
requirements  of  a  complete  reply,  but  we  have  certain  evidence 
in  the  way  of  experiments  conducted  on  a  fairly  large  scale  on 
these  fields,  and  we  have  data  obtained  from  other  fields  where 
sliming  is  resorted  to,  which  would  imply  that  there  are  pos- 
sibilities embodied  in  the  queries  which  are  worthy  of  the  most 
minute  investigation. 

If  it  be  decided  that  the  whole  of  the  pulp  should  be 
slimed,  we  have  before  us  sufficient  evidence  to-day  to  convince 
ourselves  that  such  equipment  as  would  be  required  for  the 
operation  is  available.  I  refer  specifically  here  to  the  Flint 
Mills  working  in  Western  Australia,  duplicates  of  which  have 
already  been  introduced  on  these  fields  for  purposes  of  experi- 
ment. 

We  are  not  in  a  position  to  say  what  the  cost  of  that 
sliming  would  be,  and  that  can  only  be  proved  by  experiment 
on  a  practical  scale.  The  possibilities,  however,  involved  in 
the  suggestion  have  an  enormous  bearing  on  the  future  of  these 
fields,  but  before  enlarging  on  this  point  further  I  shall  deal 
with  the  other  sections  of  our  operations. 

COXCENTKATIOX. 

In  the  matter  of  concentration,  we  have  three  methods  in 
operation  to-day,  which  may  be  described  as  follows :  — 

1.  An  ordinary  settling  box  is  placed  between  the  overflow 

from  the  amalgamated  plates  and  the  settling  tanks, 
and  the  full  flow  from  the  launder  passes  into  this  l)ox, 
and  a  rough  classification  of  the  heavier  product  in 
the  pulp  is  made. 

2.  The  pulp  from  the  plates  passes    through    a    series    of 

Spitzlutten  varying  in  size  and  number,  the  product 
from  which  is  continuously  discharged  into  separate 
treatment  vats. 

3.  The  pulp  after  leaving    the    plates    passes    over    Frue 

vanners,  Wilfley  Tables,  or  other  mechanical  concen- 
trating device,  and  the  product  in  some  cases  is  sold  to 
chemical  works,  whilst  in  others  it  is  treated  on  the 
mine  by  roasting  and  chlorination,  or  other  suitable 
treatment. 
There  is  no  question  that  in  the  Witwaterarand  ores  the 
gidd  in  the  pyritic  content  offers  itself  more  readily  to  extrac- 
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tion  in  one  ease  as  compared  witli  others.  Hence  we  find  that 
on  some  mines,  although  the  pyritic  content  of  the  ore  is  ricli 
in  gold,  a  high  extraction  is  obtained  from  it  in  the  ordinary 
cyanide  process  for  the  treatment  of  sands,  whilst  in  others 
only  a  very  low  percentage  yield  can  be  obtained  by  that 
method.  Hence  several  of  the  mines  are  compelled  to  resort 
to  one  or  other  of  the  forms  of  concentration  above  specified. 
In  some  cases  the  first  method,  with  subsequent  cyanide  treat- 
ment, yields  fairly  satisfactory  results,  and  the  expenditure 
with  this  method  is  low. 

The  second  method  provides  a  cleaner  concentrate  than  the 
first,  and  the  cost  of  treatment  bj'  the  ordinary  cyanide  process 
is  moderately  high. 

The  third  method  gives  a  product  containing  relatively  a 
high  percentage  extraction  to  the  ordinary  cyanide  process. 
With  this  class  of  concentrate  roasting  and  chlorination  is  in 
most  cases  adopted,  but  when  the  original  cost  of  mechanical 
concentration,  with  the  subsequent  cost  of  roasting  and  chlor- 
ination is  figured  out,  it  is  found  to  be  a  highly  expensive  pro- 
cedure. 

It  has  been  established  clearly  by  experiment  that  these 
concentrates,  if  ground  fine  enough  to  pass  through  a  mesh  of 
200  holes  to  the  linear  inch,  yield  a  very  high  percentage  of 
their  gold  content  to  a  simple  method  of  agitation  in  the 
presence  of  air  in  cyanide  solution,  the  time  of  treatment  being 
very  short.  On  one  mine  on  these  fields  a  plant  is  now  being 
-erected  to  take  the  whole  of  the  concentrates  made  bv  Frue 
vanners,  grind  them  fine  in  a  Flint  Mill,  and  treat  them  by 
cyanide  in  the  presence  of  air  as  above  suggested. 

The  cost  of  the  concentration  alone,  however,  is  such  a 
heavy  charge  on  these  concentrates  that  the  question  arises 
whether,  in  a  case  where  the  whole  of  the  pulp  has  to  be 
slimed,  better  results  would  not  be  obtained  without  resorting 
to  concentration  at  all.  It  has  been  conclusively  proved  that 
both  from  concentrates  and  slimes  a  high  extraction  can  be 
obtained  in  a  very  short  treatment  if  the  charge  be  agitated 
in  cyanide  solution  in  the  presence  of  air,  but  the  same  proof 
has  not  been  forthcoming  in  the  matter  of  finely-ground  sands 
as  from  concentrates  and  slimes,  and  having  finally  proved  this 
point,  the  way  becomes  clear  for  an  alteration  in  our  whole 
present  scheme  of  the  treatment  of  sands,  concentrates  and 
slimes. 

The  tendency  on  these  fields  to-day  is  to  neglect  the  ques- 
tion of  concentration  by  mechanical  means.  It  would  be  in- 
teresting, however,  before  deciding  that  such  a  step  is  the  cor- 
rect one,  to  take  the  residues  from  sands  treatment  and  the 
residues  from  slimes  treatment  on  all  the  mines  on  the  fields, 
and  by  extracting  from  these  their  pyritic  content,  ascertain 
finally  what  amount  of  gold  is  still  left  in  the  concentrates; 
«nd  to  my  mind  it  would  be  clearly  shown  that  there  are  some 
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instances  where  concentration  under  present  conditions  would 
show  better  results  than  are  being  obtained.  In  my  opinion 
this  is  information  that  should  be  regularly  recorded  on  every 
mine. 

In  the  matter  of  slimes  treatment  a  good  deal  has  been 
done  in  the  past  10  years,  but  in  view  of  the  fact  that  current 
slimes  will  readily  yield  their  gold  in  a  high  percentage  when 
treated  by  a  continuous  agitation  method,  1  think  there  is. 
room  for  improvement  in  practice  to-day. 

The  problem  that  confronts  us  in  this  case  is,  after  the 
treatment  of  the  slimes  by  agitation,  to  economically  and 
expeditiously  separate  the  solution  from  the  settled  slimes,  and 
to  leave  not  more  than,  say,  from  10  per  cent,  to  15  per  cent,  of 
moisture  in  the  final  residues — preferably  less.  The  present 
practice  is  to  first  settle  the  slimes  and  decant  all  the  clear 
water,  then  add  cyanide  solution  and  pump  the  whole  of  the 
mixture  into  treatment  tanks,  and  circulate  from  one  tank  to 
another  by  pumping;  then  settle  further  and  draw  off  the  solu- 
tion containing  the  gold,  and  then  wash  the  remaining  slimes 
one  or  more  times,  settle  between  each  operation,  and  draw  off" 
the  clear  liquid,  and  finally  discharge  the  residues  containing^ 
some  40  per  cent,  to  50  per  cent,  of  moisture. 

It  has  been  clearly  proved  in  other  countries  that  by  filter 
pressing  the  separation  of  the  slimes  and  contained  water  can 
be  very  efficientlv  carried  out. 

The  problem  here  is  to  find  out  to  what  extent  filter  press- 
ing could  be  worked  on  our  slimes  residues,  taking  into  careful 
consideration  the  cost  of  the  operation,  and  further  to  so- 
arrange  our  plants  that  the  necessary  agitation  can  be  obtained 
without  resorting  to  settling,  pumping,  and  decantation 
methods  now  in  vogue. 

The  settlement  of  these  problems  should  give  us  a  plant 
costing  us  considerably  less  in  initial  outlay,  and  one  which 
could  be  operated  at  a  much  lower  cost  per  ton. 

It  has  already  been  pointed  out  by  various  metallurgists 
that  we  may  find  it  advantageous  at  some  future  date  to  carry 
out  th(»  operation  of  amalgamation  quite  apart  from  milling. 

If  it  is  possible  to  treat  our  pulp  in  one  operation,  as  sug- 
gested in  these  notes,  it  would  not  be  difficult  to  arrange  that 
the  amalgamation  be  carried  out  under  the  same  roof  as  the 
treatment  of  slimes  product,  and  one  metallurgist  would  there- 
fore control  the  whole  of  the  treatment  of  the  pulp,  whilst  the- 
mill  would  b<»  run  by  engineers. 

Finally,  the  object  of  our  investigations  is,  by  combining 
our  treatment  of  concentrates,  sands,  and  slimes  into  one- 
operation  to  obtain  :  — 

1.  Decreased  initial  outlay  on  equipment. 

2.  Decreased  maintenance  on  plant. 
f\.  Less  labour  required. 

4.  Leas  handling  of  residues. 
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5.  Considerably  lower  working  costs.     And 

6.  Considerably  increased  profits  per  ton. 

The  matter  of  increased  extraction  is  obviouslj^  a  considera- 
tion of  the  highest  importance,  but,  admitting  that  there  were 
no  improvement  on  this  score,  the  other  advantages  mentioned 
would  represent  very  material  advances,  which  might  be  ex- 
pressed as :  — 

1.  Larger  dividends. 

2.  Lower  grade  mines  now  lying  idle  as  unpayable  coming 

within  the  margin  of  profit-earners. 

The  importance  of  these  two  last  factors  to  the  industry, 
the  community,  and  the  country  at  large,  cannot  be  overlooked, 
and  in  view  of  such  a  statement  the  efforts  of  the  whole  indus- 
try should  be  constantly  directed  towards  accomplishing  the 
ends  at  which  we  are  aiming. 

In  concluding  my  remarks  I  should  like  to  mention  that 
there  are  many  points  of  detail  which  call  for  attention  that  I 
have  not  touched  upon,  preferring  rather  to  deal  only  with 
those  which  appear  to  me  of  the  most  vital  importance  to-day. 

To  summarise,  we  have  the  following  points  for  determina- 
tion: — 

1.  The  limitations  of  Preliminary  Breaking. 

2.  The  limitations  of  Sorting. 

3.  The  limitations  of  Crushing. 

4.  The  limitations  of  Milling. 

5.  The  limitations  of  Fine  grinding  by  attrition. 

6.  The  limitations  of  Amalgamation. 

7.  The  limitations  of  Slimes  Treatment. 

8.  The  limitations  of  Concentration    and    the    Treatment 

of  Concentrates. 

9.  The  limitations  of  Filter  Pressing. 

10.  The  limitations  of  Extraction. 

By    the   solution    of    these    problems    we    hope    to    arrive 

at:  — 

1.  Simplified  operations. 

2.  Reduced  number  of  operations. 

3.  Combined     Treatment    of    Concentrates,    Slimes,    and 

Sands. 

4.  Increased  Extraction. 

5.  Lower  Working  Costs. 

6.  Reduced  Capital  Expenditure. 

7.  Increased  Dividends. 

8.  Profitable  treatment  of  low  grade  ores. 

NOTK.— In  July.  1903,  the  writer  dealt  with  some  of  the  points  mentioned  in  the 
foreeoing  paper,  and  produced  certain  evidence  in  the  way  of  fieures,  experi- 
ments, etc.,  in  support  of  his  contentions.  The  present  paper  has  been 
framed  on  the  assumption  that  the  fijrnres  dven  in  the  previous  paper  have 
been  accepted  (See  "Observations  on  the  MeUillurjrical  Pmctice  of  the 
Witwatersrand."  Journ.  Chem.  Met  Soc.  S.  Afr.,  Vol.  IV.  No.  I.,  .Tohannes- 
burg.  July.  1903.) 


10.— THE  BLIZZARD  OF  JUNE  9th-12th,  1902. 

By   C   M.   Stewaut,   B.Sc,  Meteorological  Commission  op 

Cape  Colony. 

[Abstract.] 
(Plates  V  .&  VI.) 

Seldom  has  South  Africa  been  visited  by  a  snowstorm  of 
such  severit}-,  duration,  and  extent  as  that  which  started 
approximately  at  6  p.m.  on  the  evening  of  the  9th  of  June, 
1902,  and  continued  practically  without  intermission  at  many 
places  till  the  morning  of  the  12th.  On  plotting  the  stations 
at  which  snow  was  reported  to  have  fallen,  it  is  found  that  it 
covered  a  very  large  area  (See  PI.  V.),  limited  on  the  east  by 
the  Drakensberg  Kange,  bordering  Natal — from  Charleston  to 
Richmond  and  Ixopo — thence  along  the  spurs  of  that  range  by 
Kokstad,  Maclear,  Barkly  East,  Dordrecht,  south  to  Doline, 
then  eastwards  to  Fort  Fordyce,  and  along  the  Winterberg  to 
the  neighbourhood  of  Cradock.  No  snow,  however,  seems  to 
have  fallen  either  at  Cradock  or  over  that  plateau  of  the 
Northern  Karroo,  of  which  it  forms  the  southern  entrance,  so 
that  the  boundarv  of  the  snow  area  then  turns  northwards 
through  Tarkastad,  thence  north-west  to  Maraisburg;  it 
then  runs  in  a  westerly  direction  through  Tafelberg  Hall 
to  the  Sneeuwberg  Kange  to  the  north  of  Graaff- 
Reinet;  here  the  boundary  seems  to  have  extended  south-east- 
wards along  the  Zwagershoek  Mountains  to  Somerset  East. 
Westwards,  it  extended  as  a  narrow  belt  through  De  Kruis 
(Middelburg)  to  Wagenaar's  Kraal.  From  De  Kruis  (Murrays- 
burg)  the  boundary  runs  in  a  northerly  direction  to  De  Aar,  and 
thence  north-eastwards — some  distance  to  the  west  of  the  railway 
— at  least  as  far  as  Kroonstad.  It  will  thus  be  seen  that  the  storm 
took  place  chiefly  along  the  upper  parts  of  the  Orange  River, 
the  falls  of  snow  being  heaviest  about  Kokstad,  Basutoland,  and 
the  neighbourhood  of  Barkly  East  and  Aliwal  North  and  in  the 
railway  cutting  between  Naauwpoort  and  Carlton.  The 
snow  seems  to  have  died  out  a  little  to  the  west  of  the  railway 
line  in  the  Orange  River  Colony,  although  it  was  again  re- 
ported by  observers  at  stations  near  the  Kaap  Plateau,  from 
New  Year's  Kraal,  northwards  through  Griquatown  to  New- 
lands,  in  Barkly  West;  while  snow  also  fell  in  small  quantities 
at  Douglas,  TTope  Town,  Zeekoegat  in  the  Britstown  Division, 
and  Biesjesdam  in  Victoria  West.  Outside  of  this  central  area 
snow  and  sleet  fell  at  Zwartberg  Pass  for  four  days  (9th-12th), 
also  as  far  south  as  Concordia  (Knysna),  on  the  Oiiteniqua 
Mountains,  and  the  Piquetberg  Mountains.  Most  peculiarly  it 
was  reported  as  lying  on  the  Palmiet  River  Flats  in  the  Caledon 
Division,  while  the  snow  lay  on  the  face  of  Table  Mountain  on 
the  morning  of  the  10th  to  a  lower  elevation  than  has  occurred 
before.     It  may  be  noted  that  it  is  a  comparatively  rare  occur- 


The  Blizzaud  of  Juxe,  1902.  119 

rence  for  snow  to  be  seen  on  Table  Mountain,  as  between  1860 
and     1903     only     seven     instances     have     been     noted — viz.. 
2nd    September,    1860;     ITtli    July,    1862;     12th    September, 
1864;    22nd    August,.    1869;     24th     Mav,     1895;  10th    June, 
1902;     and     the     17th     August,     1903^       The     amount     of 
damage    done    has    not   been    ascertained,    but    quite    a    large 
number  of  lives  were  lost,  and  thousands  of  cattle  and  sheep 
died,  not  so  much  from  the  snowstorm  itself  as  from  the  in- 
tense   and    prolonged    frosts    which    succeeded    this    blizzard. 
Although  the  maximum  fall  of  snow  seems  to  have  been  equiva- 
lent to  about  3^  in.  of  rain,  the  exceptionally  strong  south-east 
and  subsequent  south-west  winds  collected  the  snow  into  drifts, 
in  some  cases  20  feet  deep,  rendering  communication  with  many 
places,  especially  in  Kaffraria,  impossible.     During  this  period 
the  rainfall  was  extremely  heavy  over  large  areas  in  the  east, 
(see  PI.  VI.),  the  maxima  being  9.25  in.  in  22  hours  at  Flag- 
staff between  8  a.m.  on  the  11th  and  6  a.m.  on  the  12th,  and  8.06 
in.  at  Port  St.  John's  in  23  hours  on  the  same  dates.     Judging 
from  the  barometric  readings,  this  storm  seems  to  have  origi- 
nated in  an  area  of  low  pressure  in  the  north  of  the  Colony,  while 
the  pressure  in  the  west  and  south  was  increasing  rapidly,  after 
•the  passage  of  a  depression  south  of  our  coasts. 

The  area  of  the  snowfall  seems  to  have  been  even  more 
extensive  than  is  indicated  above,  for,  as  the  following  transla- 
tion from  the  "  Meteorologische  Zeitschrift ''  of  March,  1904 
(p.  147),  the  original  of  which  was  kindly  supplied  by  Mr.  R.  T. 
A.  Innes,  Director  of  the  Transvaal  Meteorological  Service, 
shows,  it  extended  over  German  South-West  Africa  :  — 

"  As  an  abnormal  weather  condition,  we  ought  particularly 
"  to  mention  the  snowfall  and  intense  frost,  which  occurred  on 
"  the  10th  to  11th  June,  1902.  The  snow  was  specially  noted  in 
"  the  central  and  southerly  portions  of  the  Protectorate,  while 
"  the  northern  and  extreme  southern  parts  seem  to  have  been 
"  exempt.  It  apparently  occurred  almost  simultaneously  over 
"  the  affected  area.  From  Hoachanasi  particularly  is  reported  : 
"  *  On  the  10th  June,  4  p.m.,  snow  10  centimeters  (3.9  inches) 
"  '  deep,  which  continued  to  lie  on  sliadv  places  having  a  south- 
'' '  erly  aspect,  till  the  12tli.' 

"  It  is  interesting  to  find  that  about  the  same  time  a  snow- 
''  storm  occurred  in  the  Transvaal  and  the  Cape  Colony,  which 
"  was  80  severe  as  to  cause  the  stoppage  of  railway  trains.  As 
**  the  result  of  inquiries,  it  has  been  ascertained  that  snow  fell 
**  in  the  neighbourhood  of  Windhoek  in  the  years  1891  and  1892 
**  only.  In  the  cold  period  of  the  year  1902,  particularly  low 
"  temperatures  were  observed,  thus  the  temperature  at  Wind- 
**  hoek-  seems  to  have  fallen  to  -8''  and  -9°  Cent,  in  June 
"(i.e.,    17.6°    to    15.8°     Fahr.).      According    to    the    views    of 

'  Approximate  position  of  Hoachanas,    Lat.  23'  o7'  8. ;  Long.  17^  58'  E.  ; 

Height,  4,3<X)  feet. 
2  Lat.  22"  30'  S.  ;  Long.  17"  6'  E.  ;  Height,  5,31'>  feet. 
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**  the  older  Colonists,  after  such  abnormal  phenomena — snow 
"  and  intense  cold — a  series  of  rainy  years  formerly  ensued,  an 
"  opinion  the  continuation  of  which  is  much  to  be  rfesirefl.** 


EXPLAXATIOX   OF    PIJ^TES. 

Plate  V.  shows  the  area  OTer  which  snow,  irrespective  of  quantity,  was  reporte<l 
to  have  fallen  on  one  or  more  days  during  the  period  June  9th — l:^th     The  eon- 

tiniKHLs  lines represent  the  mountain  ranges  on  which  snow  whs  reported 

to  be  lying  ;  while  the  portions  boanded  by  broken  hues  ( repi-esent 

the  continuous  areas  over  which  snow  felL    A  ootnparison  of  this  map  with  one 
gi^ng  contour  lines,  shows  that  the  snow-area  closely  followed  the  3,o(n  i  ft,  contour. 

Plate  YI.  showsapproximatety  the  distribution  of  precipitation  during  the  period 
June  9th— 12th,  in  terms  of  inches  of  nin  ;  the  amount  of  the  precipitation 
increases  with  the  intensity  of  the  shading,  those  areas  having  approximately  eqiml 
amounts  of  rainfall  being  bounded  by  continuous  lines  (Isohyets  or  lines  of  etiual 
rainfall).  This  map  taken  in  conjunction  with  PL  V.  will  give  a  srood  idea  of  the 
areas  over  which  the  snowfall  was  heaviest. 


'■ao.  Af(j.A8Wk;.  Adv.  Sc.  r 
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In»tniment. 


Evaporating  Surface. 


Wild       ... 
Lamont  ... 
De  la  Rue 
Piche 


Free  Water  Sui-face 

Do. 
Wet  Parchment  Paper 
Wet  Filter  Paper 


Area  of 
Surface. 


38.0  sq.  in. 

7.6 
19.5 

1.7 


<i 


»> 


Relative 
Evaporation. 


26.5 
43.6 
32. 
54.8 


Re«luction 
Factor. 


1.000 
.595 
.820 

.485 


Shaw's  final  conclusions  are  : — **  The  area  of  the  evaporat- 
ing surface  appears  to  be  the  main  cause  of  the  very  great 
differences  between  the  indications  of  the  different  instruments. 
.  .  .  .  The  evaporation  is  less  as  ihe  area  exposed  to  eva- 
poration becomes  greater This,  however,  though 

accounting  for  the  larger  part  of  the  differences,  does  not  give 
by  any  means  a  complete  explanation.  The  difficulties  pointed 
out  in  describing  the  working  of  the  different  instruments  give 
rise,  doubtless,  to  errors  that  can  at  present  only  be  classed  as 
accidental,  and,  moreover,  in  case  the  temperature  of  the  air 
changes,  we  shall  probably    have    the    evaporating    water    at 

different  temperatures  in  the  different  instruments 

The  observations  show  plainly  that  the  amount  of  water  eva- 
porated from  any  surface  of  water  depends  upon  so  many  condi- 
tions besides  those  determined  by  the  state  of  the  air,  that  very 
little  meteorological  information  can  be  obtained  from  them 
until  the  effect  of  these  secondary  conditicms  can  be  measured 
and  allowed  for."  * 

Comparative  ratios  of  evaporation  from  the  three  Kenil- 
worth  instruments  are  :  — 

Night.        Dav.  Total. 

Piche  ...  27.7(>  72.24  100.00 
Tub  ...  'n.81  66.19  100.00 
Tank        ...         82.19         67.81         100.00 

In  summer  there  is  an  approach  1o  equality  in  all  three 
gauges,  but  in  winter  the  Tank  evaporates  much  less  than  the 
Tub,  and  still  less  than  the  riclie  Tube.  Comparative  percent- 
ages according  to  seas(m  are:-- 


.Ian      Mar. 


April    .luiie. 


Pirlie 

Tub... 
Tank 


27.19 
29.43 
32.82 


16.15 
14.29 


12.47 


•July     St'pt. 


22.37 
19.28 
15.63 


October— De<' 


34.29 
37.00 
39.08 


>  W.  N.  Sliaw,  •*  Report  on  Kvaix>ri meters,"  1884.  It  is  to  l)e  noted  that 
Stefan  makes  the  (piantity  of  eva|)omtion  depend  upon  the  diameter,  and  not  upon 
the  area  of  a  circidar  evaporating'  ves.sel. 
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It  appears  from  these  results  that  it  is  not  possible  to  reduce 

the  iuuications  of  one  evaporimeter   to    those    of    another   by 

means  of  any  simple  factor. 

Approximate   formulae   for  the  daily  averages,   counting 

from  the  middle  of  January,  are :  — 

PICHE.        E  =  .23  +  .088  8in(n30V13r) 

+  .U06siu(n60°+196") 

+   (1) 

TUB.  E  =  .18  +  .099  sin  (n30  +  128') 

+  .012sm(n60>172'') 

+   (2) 

TANK.  E  =  .l«  +  .113  sin  (1130+116°) 

+  ,012  8m(n60'+164  ; 

+    (3) 

None  of  these  terms  agree  with  the  corresponding  terms 
for  temperature.  The  epochs  of  the  first  harmonic  terms  are 
earlier  than  the  first  harmonic  terms  of  maximum  temperature^ 
and  still  earlier  than  those  of  mean  temperature.  For  each 
gauge  the  epoch  of  the  first  harmonic  term  of  evaporation  falls, 
indeed,  between  the  beginning  and  end  of  December,  whereas 
the  temperature  epoch  comes  at  the  end  of  the  same  montli.^ 
Since  October  and  November  are  considerably  drier  than 
January  and  February,  it  seems  that  the  influence  of  the  de- 
creased humidity  iu  the  spring  is  here  apparent. 

These  harmonic  formulae  are  worked  out  on  the  assump- 
tion that  each  month  is  one-twelfth  of  a  year.  Since  the 
months  vary  in  length,  this  will  displace  the  epochs  somewhat, 
particularly  in  the  terms  after  the  third.  No  useful  purpose, 
however,  seems  likely  to  be  attained  by  dividing  the  year 
accurately  into  aliquot  parts,  for  probably  the  diurnal  varia- 
tion would  introduce  errors  equally  serious.  Bessel,  in  discuss- 
ing the  Konififsberg  temperatures,  divided  the  year  into  73 
periods  of  5.00-332  days,  or  in  angular  measure  4  deg.  55  min. 
53.425  sec.  each,  and  computed  the  formula  as  far  as  the  fourth 
harmonic  term  !2  The  labour  entailed  was,  of  course,  enormous, 
and  not  apparently  very  fruitful .3 

In  Table  2  will  be  found  a  tabular  scheme  of  horary  values 
of  all  the  meteorological  elements  which  seem  likely  to  be  of 
importance  in  influencing  the  evaporation.  Wiih  the  idea  of 
making  the  numbers  more  comparable,  the  total  ranges  from 
jfreatest  to  least  have  in  every  case  been  expressed  in  parts  of  a 
thousand,  and  shown  in  the  columns  headed  *'  rise  from  mini- 
mum," or  '*  fall  from  maximum."  The  last  two  columns  have 
been  computed  by  means  of  Fitz-Gerald's  formula  :  thev  will 
be  referred  to  again  later  on.  All  the  maxima  are  in  heavy 
type:  the  minima  are  in  italics. 

It  is  evident  that  the  evaporation  is  most  rapid  nearly 
half-an-hour  earlier  than  the  time  when  the  air  is  hottest  and 

*  See  *'  Some   ll<*sults  derived    from   the  Constant  Values    in   the    Periodi<r 
FonniiW/'     TmnjtactioHM  S.  4.  Phil.  Soc,  Vol.  XIV.,  Part  2.,  ]\  1 13. 
a  Q.  W.  R,.  Pa-t  IV.,  1870. 
'  See,  however,  Hann,  Lehrbuch.  p.  735. 
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driest.  From  which  it  appears  that  tlie  earlier  maximum  wind 
velocity  has  greater  influence  than  the  later  minimum  of  vapour 
tension.  A  curious  fact  is  that  the  minimum  of  evaporation 
comes  earlier  than  the  minimum  of  any  other  element :  indeed 
the  evaporation  is  rapidly  increasing  while  the  temperature  of 
the  air  is  still  falling,  and  its  lelative  humidity  still  rising. 
We  are  referring  here,  of  course,  to  annual  means  and  totals. 
It  seems  probable  that  the  rate  of  increase  after  sunrise  in  the 
more  vigorous  summer  evaporation  is  sufficient  to  impress  itself 
upon  the  annual  averages.  This  does  not  agree  with  the  Cairo 
results,  in  which  temperature  and  evaporation  taken  at  inter- 
vals of  two  hours,  **  have  exactly  the  same  daily  period,''  winter 
and  summer.^ 

The  hourly  totals  of  evaporation  from  the  Tank  may  be 
conveniently  summarised  by  the  formula — 

E = 2.476  + 1.477  sin  (nl5''  +  241  ) 

^  .621sin(n30"+   8o  ) 

+   .25«sin(n45°  +  17(r) 

+   ; (^) 

counting  from  midnight.  In  this  formula  the  epoch  of  the 
first  harmonic  term  agrees  fairly  well  with  the  first  terms  in 
the  formulae  for  temperature,  wind,  and  vapour  pres8ure2 
but  no  clue  is  given  by  the  other  terms  enabling  the  various 
influential  elements  to  be  separated  one  from  the  other. 

It  appears  from  these  results  that  no  great  advance  in  our 
knowledge  of  evaporation  as  a  meteorological  product  is  to  be 
expected  while  the  treatment  is  confined  to  the  ordinary 
methods  of  statistical  and  analytical  investigation;  and  that 
we  should  appeal  rather  to  experiment.  The  rest  of  this  paper, 
therefore,  is  a  discussion  of  the  Kenilworth  observations  largely 
from  tills  point  of  view. 

Tables  3  and  4  have  been  formed  in  the  following  way :  — 
First  certain  of  the  meteorological  elements  (i.e.,  barometric 
pressures,  air  temperatures,  quantities  of  evaporation  from  the 
Tank,  and  wind  movements)  have  been  tabulated  according  to 
season,  for  humidity  percentages  less  than  40  per  cent.,  and 
lying  between  40  per  cent,  and  50  per  cent,  respectively.  These 
again  have  been  rearranged  in  sets,  accordincr  to  increase  of 
velocity,  each  set  being  a  sequence  of  barometric  pressures. 
The  quantities  of  evaporation  and  wind  movement  are  for  the 
whole  day  of  24  hours;  the  barometric  pressures,  air  tempera- 
tures, and  humidity  percentages,  are  the  means  of  24  hourly 
readings.  Days  upon  which  any  rain  fell  are  not  included. 
The  yearly  means  and  totals  are  the  averages  of  the  quarterly 

'  Hann,  Lehrhnch  <hr  Mete<yrolo4fif,  \^.  209.  Hann  remarks  in  pA^sinc  that 
"both  daily  and  yearly  periods  of  evaporation  enclose  tliemsplves  in  the  ranee  of  tem- 
perature more  or  less  exa<tlv,  the  daily  period  at  anv  rate  more  than  the  yearly, 
upon  which  latter  also  the  variation  of  the  other  meteorological  elements  has  great 
influence. 

a  For  theRe  values  see  "An  Elementary  Synopsis,  &c."  Tranmctions  S,A. 
JPhU,  Soc,,  Vol.  XIV,,  Part  2,  p.  133. 


The  Rate  of  Evaporation. 


125 


numbers,  on  the  assumption  that  the  latter  are  normal  means. 
The  last  column,  **  Evaporation  corrected  to  6fJ  cleg"./'  has  been 
computed  from  the  last  but  one  by  the  addition  of  .008  inch 
to  the  observcvi  evaporation  for  each  decrease  of  temperature 
below  63  deg.  This  value  is  accepted  from  a  previous  paper.l 
In  this  connection  the  assumption  is  also  made  that  the  mean 
temperature  of  the  air  and  of  the  water  surface  is  the  same. 
I  have  not  been  able  to  take  hourly  observations  of  the  tem- 
perature of  the  water  in  the  Tank  nor  to  devise  a  trustworthy 
method  of  doing  so  by  automatic  means;  but  from  occasional 
observations  it  seems  a  fair  conclusion  that  for  annual  average 
results  the  temperatures  of  air  and  water  may  be  called  about 
equal,  the  latter  being,  perliaps,  on  the  whole  colder  by  day 
and  warmer  by  night;  its  meini  maximum  being  probably 
somewhat  ^i eater  than  that  of  the  air  in  summer,  but  less  in 
winter.  The  range  of  temperature  in  the  Tank  open  to  the 
sky  should  be  greater  than  it  is  in  the  Tub  screened  from 
radiation.  The  mean  temperature  of  the  Tank  is  also  probably 
somewhat  the  higher. 

Only  two  facts  stand  out  with  any  prominence  from  these 
Tables :  that  a  decreased  evaporation  goes  with  a  lower  tem- 
perature, as  well  as  with  a  gentler  wind  movement.  The  first 
IS  apparent  in  comparing  the  results  season  by  season ;  the 
second  in  taking  the  average  evaporation  under  each  wind 
velocity.  The  quantities  of  evaporation  (corrected  for  tem- 
perature to  03  deg.),  arranged  in  order  of  wind  velocity,  are  :  — 


Wind  in  Miles  per  Day. 


Less  than      lOiJ    ... 
100—150 
ir)0— 200 

Gretiter than 200    ... 


Humidity  below 

Humidity  40 

pel- 

Humidity  below 

40  per  cent. 

rent.     .V)  per 

cent. 

.'iO  per  cent. 

,U3  in. 

.1H8  in. 

.155  in. 

.180 

.H>7 

.174 

.190 

.lS(i 

.188 

.217 

.208 

.210 

It  appears  from  this  last  result  also  that  a  greater  evapora- 
tion tr  •  \\  a  decreased  hiiniiditv. 

■  t. 

A  further  result  is  that  by  comparing  winter  and  summer 
temperatures  in  Tables  3  and  4,  we  find  a  mean  excess  of 
evaporation  per  diem  per  degree  of  temperature  of  about  .011 

inch.     We  shall  see  presently  that  this  value  is  perhaps  made 
up  of  two  parts. 

With  lh<»  object  of  removing  some  of  the  uncertainties  of 
Tables  3  and  4,  concomitant  values  of — 

>  **  Results  of  some  K.\i)eri»nents  upon  the  Kate  of  Evai)oration."    Tninmctions 
S.A.  PhU.  Soc,  Vol.  XIV.,  Part  1.,  p.  4.3. 
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(1)  the  mean  temperature  of  the  air; 

{2)  the  mean  temperature  of  the  dew  point; 

(3)  the  mean  barometric  pressure; 

(4)  the  total  wind  movement;  and 

(5)  the  quantity  of  evaporation 

have  been  tabulated  for  each  day  upon  which  the  humidity 
ratio  was  between  40  per  cent,  and  45  per  cent.,  rain  days  being 
rejected  from  the  list  as  before.  This  particular  range  of 
mean  daily  humidity  has  been  selected  because  it  is  found  at 
all  seasons,  and  is  not  as  a  rule  accompanied  by  rain.  The 
next  step  is  to  arrange  the  separate  items  in  order  of  tempera- 
ture.    The  result  is  given  in  Table  5. 

According  to  this  arrangement  we  observe  that  as  the 
temperature  rises — 

(1)  the  dew  point  rises; 

(2)  the  barometer  falls: 

(•3)  the  wind  first  increases  and  then  decreases; 

(4)  the  evaporation  increases. 

In  the  Table  the  range  of  pressure  is  not  great;  and  the 
wind  velocity  (which  in  any  case  will  be  less  still  on  the 
ground)  only  varies  between  5.2  and  6.7  miles  per  hour.  Re- 
garding, then,  these  two  elements  for  the  present  as  fixed,  we 
may  consider  the  evaporation,  under  the  given  conditions  of 
humidity,  as  made  up  of  three  parts:  one  due  to  the  tempera- 
ture of  the  water,  another  to  the  temperature  of  the  air,  and 
the  last  to  the  amount  of  moisture  in  the  air.  As  a  first 
approximation  we  mav  express  Hie  relation  bv  the  formula — 

K=K^aT  +  bt^-cd '. 5) 

where  E  is  the  required  quant ity  in  inches  of  evaporation  in 

one  day, 
K  is  the  known  mean  evaporation, 

T  the  deviation  from  the  daily  mean  temperature  of  the  air, 
t  the  deviation  from  the  daily  mean  temperature  of  the  water. 
<1  the  deviation  from  the  daily  mean  temperature  of  the  dew 

point, 
a,  1),  c,  constants  to  be  deicrniined  by  trial. 

The  constant  b  may  be  put  ecpial  to  .008  inch.  By  substituting 
in  the  formula  from  Table  5,  supposing  the  mean  temperatures 
of  air  and  water  to  be  the  same,  and  solving  the  six  resulting 
equations  by  the  method  of  least  scjuares,  we  find 

E  =  .199  -  fK)34T  f  .OOSt  4  0O26d. 
This  equation  is  by  no  means  exact.  Five  of  the  quantities  of 
evaporation  observed  agree  fairly  well  with  those  computed  by 
the  formula,  but  the  first  is  considerably  in  error.  The  differ- 
ences, too,  seem  to  be  progressive,  the  computed  quantities  in- 
creasing faster  than  those  observed.  An  examination,  how- 
ever, of  the  individual  numbers  from  which  the  observed  means 
are  deduced  suggests  that  these  differences  would  be  less  in  a 
longer  series.  Moreover,  there  is  still  the  outstanding  uncer- 
tainty as  to  the  mean  temperature  of  the  water — i.e.,  whether^ 
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even  if  the  annual  means  of  air  and  water  temperatures  be  the 
same,  seasonal  means  and  sequences  will  also  be  the  same  for 
each.  The  total  temperature  correction  for  air  and  water 
comes  out  at  .0114  inch.  This  value  is  at  any  rate  in  very 
satisfactory  agreement  with  the  value  .011  incli,  deduced  from 
Tables  3  and  4.  The  formula  is,  of  course,  only  intended  to 
express  the  deviation  of  evaporation  at  Kenilworth  from  the 
mean  in  a  steady  wind;  it  makes  no  pretence  to  be  of  general 
application. 

The  next  step  is  to  rearrange  the  corresponding  elements  in 
order  of  wind  velocity.  The  average  results  are  given  in  Table 
6.  The  column  entitled  *'  corrected  evaporation  ''  has  been 
computed  from  the  constants  of  Table  5.  li  seems  from  this 
that,  starting  with  a  velocity  of  3.4  miles  per  hour,  the  increase 
of  evaporation  varies  as  the  square  of  the  increase  of  velocity. 
This  gives  a  greater  evaporation  than  if  the  evaporation  varied 
as  the  square  of  tlie  vch)ci1y.  Possibly,  however,  the  latter 
is  nearest  tlie  mark,  altliough  even  itself  too  great. 

Finally,  the  quantities  of  evaporation  arranged  in  order  of 
barometric  pressure  are  given  in  Table  7.  The  last  column 
gives  the  evaporation,  corrected  for  temperalure,  dew  point, 
and  wind  velocity,  by  the  respective  values  previously  found. 
Whatever  the  pressure  correction  may  be,  tliese  results  do  not 
tell.  llann,  in  liis  Handbook  of  Climafolof/y,  states  that 
'*  under  similar  conditions  of  relative  humidity,  temperature, 
and  wind  velocity,  evaporation  is  much  greater  on  mountains 
than  at  lower  levels,  because  of  the  diminished  pressure  aloft. 
.  .  .  .  The  relative  humidity  alone  is  therefore  no  sufficient 
(♦riterion  for  the  evaporating  powers  of  a  mountain  climate; 
the  diminished  pressure  nmkes  it  possible  for  the  water  vapour 
which  has  been  formed  to  be  distributed  much  more  rapidly 
through  the  air,  and  hence  evaporation  is  accelerated. '^^ 
Such  a  statement  seems  reasonable,  a  priori,  although  I  have 
not  met  with  any  experiments  which  seem  calculated  to  prove 
it  for  a  water  surface  directly,  as  well  as  for  a  wet  bulb  ther- 
mometer. Certainly  a  range  of  pressure  of  one-third  of  an 
inch  at  Kenilworth  is  not  sufficient  to  override  the  combined 
influence  of  other  factors,  not  even  wIkmi  tlicv  have  been  to 
some  extent  allowed  for. 

The  following  passage,  quoted  from  Meteorological 
Apparatus  and  Methods,  is  of  interest  in  connection  with  the 
subject  of  this  paper: — "Instead  of  measuring  the  tempera- 
ture of  the  surface  of  evaporating  water,  as  in  the  psychro- 
meter,  it  is  appropriate  to  measure  the  rate  of  the  resulting 
evaporation,  as  in  the  (»vaporimeter.  This  measurement  is 
usually  considered  as  a  means  of  ascertaining  f(u-  engineering 
purposes  the  (juantity  of  water  lost  by  the  earth  or  by  reser- 
voirs, etc.,  and  as  giving  the  meteorol(»gists  a  crude  approxima- 

^  Haim,  Handbook  of  Clhnotohygij  .Ward's  K<lili<»ii ,,  p.  290. 
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tion  to  the  quantity  of  water  daily  thrown  into  the  atmosphere. 
But  the  rate  and  the  temperature  of  evaporation  are  equally 
(U'pendent  on  the  dryness  of  the  air  and  the  velocity  of  the 
wind,  and  are  therefore  equally  available  as  means  of  deter- 
mining the  hygrometric  condition^  Owing  to  the  small  mass 
involved  in  the  temperature  observations  by  the  wet-bulb 
thermometer  that  instrument  is  adapted  to  give  the  momentary 
condition  of  the  atmospliere.  On  the  other  hand,  the  large 
masses  required  in  the  measuring  operations  of  the  evapori- 
meter  renders  this  instrument  important  to  the  meteorologists 
as  a  means  of  ascertaining  tlie  average  hygrometric  condition 
of  the  air  during  a  long  interval.  From  this  point  of  view, 
therefore,  this  becomes  an  integrating  hygrometer,  and  de- 
mands a  more  minute  theoretical  investigation  than  has  as  yet 
been  given  to  it. 

"  At  present  we  can  only  indicate  the  basis  of  this  investi- 
gation. The  most  accurate  observations  available  are  those 
made  in  1876  to  1882  by  Desmond  Fitz-Gerald,  civil  enj^jineer, 
engineer  in  charge  of  the  Chestnut  Hill  Reservoir,  near  Boston, 
Mass.  Fitz-Gerald's  observations  combined  with  Stefan's 
work  on  diffusion  should  give  a  first  approximate  formula  for 
the  utilisation  of  tlie  evaporimeter  as  an  intergrating  hygro- 
meter  

"  Fitz-Gerald's  measurements  of  tlie  evaporation  of  water 
in  pans  14.85  inches  in  diameter,  in  which  one  ounce  of  water 
is  represented  by  a  depth  of  0.01  inch,  gave  him  the  value  of 
E,  or  the  depth  of  water  in  inches  evaporated  in  one  hour. 
These  measures  were  made  at  the  ordinary  atmospheric  pres- 
sures, and  do  not  show  any  appreciable  effect  due  to  the  ordi- 
nary range  of  the  barometer  at  Boston.  They  are  represented 
quite  closely  by  an  empirical  formula  similar  to  those  deduced 
by  other  investigators,  namely — 

E=|o.nl4(V-v)  +  0.0012(V-v/-J  j   (1^0.«7W=«»)    (6) 

for  which  Fitz-Gerald  uses  the  approximate  expression 

E-0.01(Ki(V-v)(l  +  W/-2) (7) 

in  which  Y  is  the  vapour  tension  in  inches  of  mercury  corre- 
sponding to  the  temperature  of  the  water: 

V  is  the  vapour  tension  corresponding  to  the  dew  point  in 
the  free  air; 

W  is  the  velocity  of  the  wind  in  miles  per  hour,  measured 
by  the  Robinson  Anemometer  at  the  level  of  the  water  surface. 
Fitz-Gerald  finds  that  the  velocity  recorded  by  an  anemometer 
30.5  feet  above  the  water  is  three  times  that  prevailing  at  the 
surface. 

"  Comparative  observations  made  in  the  sunshine  and  the 
shade  are  equally  well  represented  by  the  above  formula.  The 
evaporation  from  snow  and  ice  was  also  measured  with  minute- 
ness and  found  to  be  well  represented  by  this  formula. 

"  If,  then,  the  temperature  of  the    water    is    observed,    so 
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that  V,  E,  aiirl  W,  are  known,  then  the  Fitz-Gerald  formula 
gives  the  average  vapour  tension  in  the  free  air  during  the  time 
in  which  the  evaporation  was  effected :  for  which  purpose  it 
may  be  written 

v  =  V-()0E(l-fW/-2) (S) 

This  use  of  the  evaporinieter,  therefore,  is  additional  to  its 
ordinary  use  for  engineering  purposes,  but  implies  that  the 
temperature  of  the  water  and  the  velocity  of  the  air  at  its  sur- 
face be  obseived/'l 

It  is  interesting  to  compare  Fitz-Gerald's  formula  with 
my  results  above.  For  daily  totals,  and  a  wind  velocity  at 
about  40  feet  above  the  surface,  the  formula  becomes 

E-0.4(V-v)(HW/n) (9) 

where  for  Fitz-Gerald  s  gauges  n  =  (). 

Substituting  the  wind  velocities,  and  the  vapour  pressuras 
suitable  to  the  temperatures  of  Table  5,  we  find  the  denomina- 
tor 6  considerably  too  small  to  satisfy  the  Kenil worth  observa- 
tions :  n  in  fact  ranging  from  15  to  27,  and  averaging  about 
21.  A  large  pint  (»f  the  reason,  in  point  of  magnitude,  is  un- 
doubtedly due  to  the  sheltered  position  of  this  station,  but  this 
does  not  account  for  the  widely  divergent  values  given  in  the 
column  '*  n  "  of  Tabic  5.  According  to  Fitz-Gerald's  results, 
the  evaporation  in  a  calm  will  be  doubled  when  the  velocity  at 
an  altitude  of  30  feet  is  6  miles  per  hour;  trebled  when  it  is 
12.  For  a  temperature  of  G1.6  deg.,  and  a  dew  point  of  37  deg., 
the  Fitz-Gerald  formula  gives  an  evaporation  of  .131  inch  per 
diem,  which  is  rather  less  than  would  be  expected  by  Table  6; 
and  a  velocity  of  IS  miles  per  hour  would  give  an  evaporation 
of  more  than  half  an  inch.  Assuming  the  law  of  squares  in- 
dicated by  Table  i\  to  hold,  however,  the  evaporation  would  be 
doubled  when  the  velocity  was  15  miles  per  hour,  while  a  velo- 
city of  21  miles  per  hour  would  give  an  evaporation  of  0.5 
inch. 

Substituting  the  vapour  pressures  corresponding  to  the 
mean  temperatures  of  Table  6  in  Fitz-Gerald's  formula,  we 
have — 

E  =  0.2a'>  =  0.4(.618-.246)(l+6.4/n) (10) 

giving  n  =  17. 

If  now  we  suppose  the  temperature  of    the    water    raised    ore 

degree,  we  shall  find 

E  =  0.217-O.4(.640-.24(})  (1+6.4/17) (11) 

giving  nearly  the  same  increase  as  equation  (5)  gives  when  air 
jmd  water  together  each  rise  through  1  deg.  But  if  we  take 
the  denominator  n  =  6,  the  corresponding  increase  is  E  =  .812  to 
E  =  . 330  inch. 

No  doubt  the  difference  between  the  value  of  n  obtained  by 
Fitz-Gerald,  and  that  applicable  to  the  Kenilworth  results,  may 

'  Cleveland  Abbe,  Meteorological  Ajtparatits  ami  Methods,  p.  377. 


130  Report— 1904. 

be  largely  due  to  the  great  difference  in  the  capacity  of  the 
evaporating  vessels,  and  to  the  exposures  of  the  same,  so  that 
it  would  be  fruitless  to  venture  to  criticise  the  formula  merely 
on  the  value  of  n.  My  difficulty  is  rather  with  the  circum- 
stance that  the  formula  ignores  the  humidity  of  the  air,  indi- 
cating that  under  an  assigned  dew  point  a  vessel  of  water  at 
a  given  temperature  will  not  lose  any  more  in  a  warm  (and 
dry)  air  than  it  will  in  a  cold  (and  damp)  air. 

I  have  not  seen  Fitz-Gerald's  paper,  nor  do  I  know  upoQ 
what  grounds  the  relative  humidity  is  neglected  either  by  its 
author  or  by  the  other  investigators  mentioned  by  Abbe.  That 
its  omission  must  be  based  on  good  reason,  or  what  looks  like 
good  reason,  is  certain.  At  the  same  time  its  absence  may  not 
be  alt()|;^ether  un(iuestionable,  and  it  seems  worth  enquiry 
whether  over  and  above  the  influence  of  the  temperature  of  the 
water  there  should  be  a  term  or  factor  depending  upon  the  tem- 
perature (or  humidity,  which  comes  to  the  same  thing)  of  the 
air.  It  is  possible  that  the  temperature  of  the  water  is  under- 
stood to  depend  upon  the  heat  received  from  sun  and  air,  and 
the  lieat  lost  in  consequence  of  the  degree  of  dryness  of  the  air. 
If  so  it  may  apply  better  to  mean  conditions  tlian  to  individual 
observations.  That  is,  it  may  be  more  a  summary  than  a  ^aw. 
Certainly  it  is  not  a  law  in  the  sense  that  the  factor  0.4  (V — v) 
marks  the  evaporation  due  to  the  temperature,  and  the  factor 
(1 — W/n)  that  due  to  the  wind;  for  V  itself  largely  depends 
upon  W.  On  a  dry,  windy  day  the  rapidity  of  evaporation  will 
of  itself  considerably  lower  the  temperature  of  the  water  sur- 
face. It  is  to  the  credit  of  the  formula,  as  a  summary,  that 
applied  to  Table  5  the  value  of  E/.4  (V — v)  is  not  in  any  case 
greatly  diftVient  from  1.3. 

Of  courses  the  best  test  would  be  furnislied  bv  a  series  of 
hourly  temperatures  of  the  water  suiface.  These,  unfortun- 
ately, do  not  exist  at  Kenilworth.  But  the  matter  may  be  in- 
vestigated in  another  way;  dealt  with  backwards,  in  fact. 
Suppose  we  take  the  mean  values  of  Table  2,  and  from  them 
compute  the  hourly  water  temperatures.     Then 

V  =  nE/6(n+W)-fv (12) 

The  exact  value  of  n  is  immaterial,  and  will  not  affect  the  tem- 
perature sequences.  In  the  present  case  it  is  computed  equal 
to  16  from  the  mean  values  of  Table  2. 

From  this  formula  we  determine  the  computed  water  tem- 
peratures of  Table  2.  It  remains  to  compare  them  with  obser- 
vation. 

Some  summer  observations  of  the  temoerature  of  the  water 

during  1904  at  selected  hours  gave  the  following  differences  of 

temperature,  air  winus  water: 

VIII.      IX.       XIII.    XVII.    XX.     XXIII. 
-4.1      -  I  .1      -3.1         4.1         7  .1      -8..1 

These  differences  would,  no  doubt,  be  somewhat  modified  in  a 

hmger  series  of  observations,  but  they  show  at  any  rate  that  at 
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a  season  when  evaporation  is  on  the  whole  fairly  rapid,  the 
temperature  of  the  air  falls  after  sunset  much  more  rapidly 
than  that  of  the  water.  Now  the  summer  rates  of  fall  of  tem- 
perature must  be  more  important  than  the  winter  rates,  because 
the  summer  evaporation  is  greater,  and  therefore  the  latter 
must  impress  its  character  upon  the  evaporation  for  the  year. 
So  that  if  we  assume  that  the  summer  rates  hold  all  through 
the  year,  we  sliall  err,  if  at  all,  on  the  right  side.  As  we  have 
simply  to  compare  the  shapes  of  tlie  curves  of  computed  and 
observed  water  temperatures,  we  will  suppose  them  to  agree  at 
XIII.     Then  thcv  are 

VIII.     IX.    XIII.  XVII.    XX.  XXIII, 
Computed     ...     6(f.6    62^3    72^7    H7  .9    lM)\0    5T.6 
Observed       ...     56^5    5r.O    72^7    69.9    62^6    59\() 

This  gives  the  result  that  the  computed  temperatures,  based  as 
we  know  upon  the  observed  evaporation,  are  greater  before 
noon,  and  less  after,  than  the  observed  temperatures.  That  is, 
while  the  relative  humidity  is  falling  the  evaporation  is  greater 
than  it  should  be  for  a  given  water  temperature,  and  while  the 
humidity  is  rising  the  evaporation  is  less;  and.  moreover,  the 
differences  between  the  observed  and  computed  temperatures 
are  actually  nearly  at  their  greatest  when  the  change  of 
humidity  is  most  rapid.  This  seems  to  suggest,  if  not  to 
prove,  that  the  temperature  (or  humidity)  of  the  air  has  some 
influence  upon  the  rate  of  evaporation,  but  it  proves  nothing 
as  to  the  mode  of  action.  We  should  expect,  to  begin  with, 
that  any  postulated  increment  of  evaporation  due  to  an  in- 
crease of  humidity,  over  and  above  that  due  to  the  temperature 
of  the  water,  would  be  greater  or  less  than  the  mean  according 
as  the  humidity  was  less  or  greater.  This,  on  the  face  of  it,  is 
not  so;  and  it  follows,  therefore,  that  the  process  must  be  in- 
direct, or,  perhaps  it  would  be  better  to  say,  sluggish. 

The  following  experiment  was  arranged  with  the  idea  of 
examining  this  result,  and  incidentally  illustrating  the  process 
of  evaporation  from  a  water  surface  and  the  diffusion  of  the 
derived  vapour  in  a  quiet  air.  A  copper  evaporation  gauge, 
five  inches  diameter  and  five  inches  deep,  was  placed  about  two 
feet  above  the  ground  under  a  large  louvred  screen,  and  kept  as 
nearly  as  possible  half  full  of  water.  A  psychrometer  with  its 
two  spherical  bulbs  three  inches  apart  was  so  mounted  that  the 
bulbs  were  very  nearly  three-quarters  of  an  inch  above  the 
water  surface,  and  therefore  a  little  less  than  two  inches  below 
the  rim  of  the  gauge.  The  wet  bulb  was  supplied  with  mois- 
ture by  means  of  a  thin  wick  attached  beneath,  instead  of 
round  the  neck;  and  dipping  into  the  water  of  the  gauge.  About 
18  inches  above  this  psychrometer,  and  in  free  air,  was  another 
of  ordinary  pattern,  in  every  way  similar  to  the  first  except 
that  the  bulbs  were  five  inches  apart,  the  wick  attached  to  the 
neck  of  the  wet  bulb  in  the  ordinary  way,  and  supplied  with 
water  from  a  glass  cup.       Simultaneous    observations    of   the 
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readings  of  tlie  two  psychrometers  and  of  the  temperature  of 
the  water  surface  in  the  gauge  were  made  from  time  to  time. 

The  wet  and  dry  bulb  observations  were  reduced  for  dew 
point  and  relative  humidity  by  means  of  Glaisher's  Tables, 
these  being  possibly  better  for  the  purpose  than  the  Smith- 
sonian Tables,  which  premise  a  forced  draught.  Naturally  the 
error  of  the  dew  point,  by  whatever  Tables  deduced,  must  be 
appreciable;  although,  since  the  environment  of  the  psychro- 
nieter  within  i\w  gauge  is  somewhat  humid,  and  the  water  sur- 
face not  differing  greatly  from  the  air  in  temperature,  the  wet 
bulb  should  read  at  least  as  near  the  truth  as  a  wet  bulb  in 
the  still  air  of  a  roon),  for  example.  With  regard  to  the 
choice  of  Ilygrometer  Tables,  it  happens  that  a  forced  draut'ht 
makes  very  little  difference  to  a  wet  bulb  properly  screened 
when  the  relative  humidity  is  high.  In  any  case  since  the 
main  argument  is  based  on  sequences  of  numbers  rather  than 
upon  absolute  values,  the  method  of  reduction  is  not  of  the 
greatest  consequence. 

The  humidity  ratios  observed  (and  so  computed)  ranged 
between  22  per  cent,  and  9T  per  cent,  in  the  air,  and  between 
'\2  per  cent,  and  100  per  cent,  inside  the  gauge.  The  water 
temperatures  ranged  between  59  deg.  and  84  deg. ;  the  air  tem- 
peratures between  60  deg.  and  90  deg.  The  wet  bulb  inside  the 
gauge  was  always  higher  than  that  outside.  The  dry  bulb  in- 
side the  gauge  stood  nearly  always  between  the  temperature  of 
the  water  and  that  of  the  outside  air.  It  stood  sometimes,  I 
fancy,  lower  than  it  should;  for  when  the  water  was  cooler 
than  the  air,  an  independent  thermometer  introduced  beside  the 
same  dry  bulb  read  at  times  as  much  as  0.5  deg.  higher,  and 
would  remain  higher  for  some  time.  I  have  not  discovered  the 
reason  of  this.  The  cooling  may  be  due  to  a  deposit  of  a  very 
thin  film  of  moisture  upon  the  bulb;  but  if  so  the  deposit  waa 
not  visible  under  a  strong  magnifying  glass. 

The  wind  seems  to  have  had  no  demonstrable  influence 
upon  the  relative  readings  of  the  psychrometers.  At  any  rate, 
whatever  its  influence  may  have  been,  it  was  lost  in  the  crowd 
of  others.  The  following  are  the  differences  of  the  computed 
dewpoints  for  assigned  winds  :  — 

Wind,   in    Miles  Difference   of 

Per   Hour.  Dew  Points. 

0—2  4.6  deg. 

2-4  4.0  deg. 

4—6  4.0  deg. 

6—8  ^.7  deg. 

8—10  4.3  deg. 

Greater  than   10  4.5  deg. 

In  Table  8  will  be  found    the    mean    results,    arranged    in 

order  of  humidity.       The  fourth  column  gives  the  differences 

of  computed  humidity  between  the  inside    and    outside    of    the 

gauge  for  average  intervals  of  about   10  |>er  cent.     Evidently 
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i^hen  the  outside  air  is  saturated  such  difference  must  be  zero. 
As  the  air  gets  drier,  the  difference  increases  step  by  step  until 
a  humidity  of  about  60  per  cent,  in  the  free  air  is  reached. 
After  this  the  tendency  seems  to  be  for  a  stationary  difference 
of  10  per  cent,  more  or  less,  or  even,  if  the  method  of  deter- 
mining the  humidity  can  be  trusted  to  such  a  degree  of  accu- 
racy, to  a  decrease.  At  any  rate,  the  drying  power  of  the  out- 
side air,  when  it  is  less  than  half  saturated,  upon  tlie  inside 
wet  bulb,  is  greater  than  the  moistening  power  of  the  stratum 
of  water  beneath.  Throughout  the  experiment  there  was  not 
much  difference  between  the  temperatures  of  the  water  in  the 
gauge  and  of  the  free  air.  When  the  humidity  of  the  air  was 
between  20  per  cent,  and  'JO  per  cent,  the  average  temperature 
of  the  water  was  about  85  deg.,  that  of  the  air  about  87  deg. 
When  the  humidity  of  the  air  was  between  90  per  cent,  and 
100  per  cent,  the  temperature  of  the  water  was  about  63  deg., 
that  of  the  air  about  62  deg.  Upon  any  theory  much  more 
water  must  have  been  evaporating  at  the  higher  temperature, 
and  therefore  if  there  were  no  diffusion  outside  the  gauge  the 
vapour  tension  immediately  above  the  water  would  be  higher 
at  the  lower  humidity  than  it  would  be  at  the  higher.  lUit 
«ince  the  tension  is  actually  lower  (see  Table  8),  it  follows  that 
the  rate  of  diffusion  in  the  free  air  is  greater  as  the  tempera- 
ture of  the  air  rises.  This  result,  therefore,  is  not  antagonistic 
to  our  previous  result  that  an  increasing  air  temperaturel 
will  quicken  the  evaporation  from  a  water  surface  of  given 
temperature. 

A  variation  of  this  part  of  the  subject  is  introduced  in 
Table  9.  The  water  temperatures  are  arranged  in  sets,  60  deg. 
— 65  deg.,  65  deg. — 70  deg.,  etc.,  and  compared  with  the  other 
corresponding  elements;  each  set  being  then  subdivided  into 
sections  of  hicrh,  moan,  and  low  humidity.  A  number  of  in- 
teresting results  may  be  obtained  from  this  Table.  We  see 
first  of  all  that  while  the  water  temperature  is  rising,  and  the 
vapour  tension  at  its  surface  consequently  increasing,  the  dew 
point  in  tlie  free  air,  as  it  happens,  is  falling.  Xow  when  this 
fall  of  the  dew  point  is  relatively  rapid  we  see  that  the  vapour 
tension  inside  the  gauge  falls,  whereas  when  the  fall  is  slow 
the  vapour  tension  inside  the  gauge  increases.  For  instance, 
consider  the  rise  of  water  temperature  from  62.6  deg  to  66.8 
deg. :  the  decrease  of  vapour  tension  in  the  free  air  in  this 
case  is  .011  inch,  i.e.,  from  .439  inch  to  .428  inch,  whereas  the 
vapour  tension  inside  the  gauge  rises  from  .475  inch  to  .480 
inch.  Again,  consider  the  rise  of  water  temperature  from  62.2 
deg.  to  78.2  deg.  The  concomitant  vapour  tension  in  the  free 
air  here  falls  .043  inch,  i.e.,  from  .399  inch  to  .356  inch,  while 
the  vapour  tension  within  the  gauge  remains  nearly  constant. 
Or,  taking  averages,  the  vapour  tension  inside  the  gauge  will 
increase,  remain  constant,  or  decrease,  accordinsr  as  the  fall  of 


*  Or  a  decreasing  huniidity. 
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vapour  tension  in  the  free  air  is  less  than,  equal  to,  or  greater 
than,  .O'V']  inch  per  rise  of  10  deg.  of  water  temperature.  It 
seems  to  be  a  fair  inference  that  a  high  temperature,  or  in 
other  words  a  low  humidity,  of  the  free  air  does  tend  to  pro- 
mote the  decrease  of  vapour  tension  in  the  stratum  of  air 
lying  upon  water,  and  so  must  quicken  the  rate  of  evaporation. 
These  issues  are  set  forth  here  more  as  a  basis  for  futvire 
research  when  the  opportunity  sliall  at  last  come,  than  as  de- 
monstrated facts.  Granting  tlieir  truth,  then  a  more  or  less 
humid  air  beliaves  to  the  emanations  of  material  particles 
from  a  water  surface  much  as  it  does  to  the  radiation  of  dark 
heat  from  cooling  terrestrial  substances.  If  I  understand 
Professor  V'ery  ariglit,  tlie  aqueous  vapour  of  the  atmosphere, 
wliatever  its  state,  will  check  the  radiation  of  heat  from  the 
earth  ;1  it  is  known  besides  that  the  more  humid  the  air  the 
less  the  ladiation ;  that  is  to  say,  the  total  effect  consists  of  two 
parts,  one  due  to  the  aqueous  vapour  as  such,  the  other  to  its 
condition  in  relation  to  tlic  prevailing  temperature.  In  the 
same  way  evaporation  would  seem  to  be  checked  both  by  the 
quantity  of  aqueous  vapour  present  in  the  atmosphere,  and  by 
its  humid  condition.  Maxwell  has  remarked  that  *^  the  rate  at 
which  the  diffusion  of  any  substance  goes  on  is  in  every  case 
proportional  to  the  rate  of  variation  of  the  strength  of  that 
substance  in  tlie  fluid  as  we  pass  along  the  line  in  which  the 
diffusion  takes  place.  Kacli  substance  in  a  mixture  flows  from 
places  where  it  exists  in  greater  quantity  to  places  where  it  is 
less  abundant.  The  law  of  diffusion  of  matter  is  therefore  of 
exactly  the  same  form  as  that  of  the  diff'usion  of  heat  by  con- 
duction.''2  It  would  be  interesting  to  examine  the  above 
results  in  tlie  same  connection.  For  while  MaxwelFs  remarks 
apply  nu»re  particularly  to  quantity,  these  deal  also  with 
qmility.  Stefan's  diffusion  formula,  as  qiioted  by  Preston  (I 
have  not  seen  the  original),  is  also  based  on  the  (juantity  of 
vapour,  juid  takes  no  account  of  the  humidity  :  **  If  a  be  the 
radius  of  a  circular  basin,  k  the  coefficient  of  diffusion,  P  the 
atmospheric  pressure,  p'  and  p"  the  pressure  of  the  vapour  at 
the  suiface  and  very  far  away  from  it  respectively,  the  mass  of 
va])ouT'  which  escapes  froni  the  basin  per  unit  time  is 

M=4ku(P-p")/(P-p') (13) 

Thus  M  is  proportional  to  the  radius  of  the  basin  and  not  to 
its  surfiue,  as  commonly  supposed. ''3  p^vidently,  if  my  ex- 
periments described  abov(»  are  to  be  trusted,  k  would  have  to 
change  i\  little  with  every  change  of  relative  humidity. 

*  F.  Very,  AtmoApherlc  f'ffditttion,  passim. 
MrtxwHll,   Theortf  of  Hffit.  p,   27H.      See  al>o   bv    the   same   aiitlior,   Art. 
*'  l)irtnsi(u»;'  Ei»(\  lirii.,  9tli  FM.,  Vol.  VII.,  p.  2\'\ 
•»  Preston,  Thfonj  (tf  Hftit^  p.  291. 
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TABLE    O. —  QUANTITIES   OF   EVAPORATION    ARRANGED    ACCORDING 

TO   TEMPERATl'RE.  ^ 

(Humidity  40%  to  45%,) 


No.  of 

<M»>erv- 

tions. 

Tempera- 
ture. 

Dew  Point. 

Pressure. 

Win<l 
Velocity. 

Kvaporation 
ner 
day. 

Evaporatir.n 

corrected 

to  05-4 '^ 

n 

c 

•; 

Inches. 

Miles  per 
day. 

Inch. 

Inch. 

30 

526 

'M) 

26-208 

1          *^^ 

•120 

•222 

20 

32 

57-9 

.34 

•185 

'         130 

•137 

•197 

27 

24 

629 

38 

•121 

125 

•185 

•205 

15 

19 

679 

42 

•129 

139 

•213 

•193 

2() 

26 

731 

47 

•063 

148 

;        -258 

•19(> 

20 

30 

77-8 

52 

•025 

162 

•283 

•184 

26 

161 

654 

405 

26122 

141 

1 

•199 

•199 

18 

TARLE    (). — QrANTITlES   OF    EVAPORATION    ARRANGED    ACCORDIN(i 

TO    WIND    VELOCITY. 

(Humidity  40%  to  4,-)%.) 


No.  of 
Observ- 
ations. 

Wind 
Vel<K*ity. 

Tempera- 
ture. 

Dew 
Point. 

Pressure. 

• 

Kvaporation 
per  day. 

('<»n'ecte<l 
Evapor- 
ation. 

41 
55 
46 
19 

Miles  penlay. 

82 
128 
172 
•2*29 

153 

I. 

61^6 
6;V1 
67-6 
661) 

37 
40 
42 
41 

Inches. 

•26176 
•1.37 
•085 
1)66 

Inch. 

•153 

•188 
-225 
-2.r2 

Inch. 

•184 
•188 
-203 
•245 

161 

651 

40 

•26116 

•205 

•205 

TAHLE    i. — (^'ANTITIES   OF    EVAPORATION    ARRANGED    ACCORDING 

TO    PRESSURE. 

(Huuiidity  40%  to  45%.) 


No.  of 
(»>serv- 
ation.H. 

Pressure. 

Inches. 

25  965 

•2i)1)56 

•1.38 

•284 

Tenijiera- 
ture. 

i 

J)ew  I*oint. 

■J 

46 
44 

38 
34 

1        40  5 

Wind 
VelfK'ity. 

Miles  per<lay. 

182 
147 
1.36 
118 

146 

Kvaporation 
per  day. 

i'onecte«l 

Eva|Mn-- 

ation. 

•2:^ 
52 
44 
42 

73 
69 
63 

.58 

Inch. 
•303 

•171       1 
•131 

Inch. 

•222 
-205 
••2t>3 
•210 

161    . 

•26^1 11 

66 

-207       1 

-207 
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TAliLE   9. — COMPAKISON   OF   VAFOUK   TENSIONS   WITHIN    AND 

WITHOUT   THE   EVAPORATION   GAUGE,   ARRANGED    IX 

A   SEl^UENCE   OF   WATER   TEMPERATURES. 


Mt»ui 

Water 

Teiii- 

prniture. 


7H-2 


7-2H 
7-2*(i 


4>    i 


67-1 


ties 


«6*6 


62-2 


()-2-6 


♦Wi 


llumiilitv 

of  the 

Free 

Air. 


H" 


281 
32-8 
37  0 

380 
44-4 
51-7 


49-3 
62-2 


74-9 


64-6 


r4'3 


87*5 


MeHii 

Vapour 

TeiiHton  at 

the  \Vat«r 

Tempeni- 

tiire. 

w 


Inch. 

•999 
•963 
•932 


•799 
•799 
•802 

•663 
•656 
'6.>1 


•559 


•567 
•577 


Mean 

Vapour 

TeiiNioii 

inside 
Ciauge. 

v 


Inch. 

•414 
•445 
•473 

•431 
•463 

•5<W 


•434 

•480 
•524 

•442 
•475 
'526 


Mean 

Vapour 

TenMfon 

outride 

(iauge. 

V" 


Inch. 

•324 
356 
•386 

•349 
•385 
•432 

373 
•428 
•480 


399 
•439 
•495 


Differ- 
ence. 


w-v 


Inch. 


•585 
•518 


•459 


•368 


•336 


•294 


•2-29 
•176 


•127 


•117 
•092 


•051 


Differ- 
ence. 


V'-V" 


Inch. 


•090 


•089 
•087 


•082 
•078 


•076 


•061 
•052 


•044 


•043 


•036 


•031 


Differ 
ence. 


W-V 


•675 
•607 
•546 


•45(^ 
•414 
•370 

-290 
-228 
•171 

•16(» 
•1-28 
•082 


SECTION   B. 

ANTHROPOLOttY    AND    ETHXOUKJY,    1JA(TEIU<)L()(;Y,    HOTANY, 

c;e(m;raphy,  (jeology  axd  mineralogy,  zoology. 


SECTION    B. 

PRESIDENTS   ADDRESS. 

THE    HISTORY    OF    STRATIGRAPHICAL    INVESTIGA 

TION   IN   SOUTH   AFRICA. 

By  Geo.  S.  Corstokphixe. 


At  a  meeting  such  as  this  we  may  well  take  the  oppor- 
tunity of  recording  our  scientific  progress,  and  reviewing  some 
of  the  problems  which  still  await  solution.  As,  liowever,  it 
would  be  impossible  for  anyone  to  deal  adequately  with  even 
half  of  the  departments  of  science  included  in  Section  B,  it 
seems  most  appropriate  that  I  should  confine  myself  to  the  sub- 
ject to  which  my  own  energies  are  devoted,  and  place  before 
you  some  portion  of  our  geological  knowledge  which  may  per- 
haps prove  of  general  interest.  I  shall,  therefore,  with  your 
permission,  sketch  the  history  of  stratigraphical  investigation 
in  Sou  til  Africa,  and  try  to  show  to  what  extent  we  have 
arrived  at  a  solution  of  the  questions  involved,  and  how  much 
yet  remains  to  be  done. 

Geological  inquiry,  like  all  scientific  work  over  so  extended 
an  area  as  South  Africa,  is  bound  for  a  long  time  to  result 
simply  in  a  series  of  unconnected  observations,  and  we  find  that 
much  of  the  earlier  geological  literature,  and  even  some  of  the 
later,  is  not  a  little  puzzling  by  its  indiscriminate  nomenclature 
and  absence  of  connected  view.  At  the  present  day  we  are  for- 
tunate in  having  not  only  a  considerable  number  of  able  private 
workers,  but  also  systematic  geological  surveys  carried  on  bj- 
the  governments  of  the  Cape,  the  Transvaal,  and  Natal,  by 
means  of  which  all  the  work  will  in  time  be  co-ordinated,  and 
so  gradually  give  us  accuracy  in  details,  as  well  as  a  more 
scientific  grasp  of  the  broad  problem  of  the  evolution  of  this 
portion  of  the  earth's  surface. 

In  dealing  with  the  present  subject  I  have  found  it  prefer- 
able not  to  follow  a  strictlj*  logical  order,  but  to  make  such 
divisions  as  best  coincide  with  the  historical  development  of 
our  knowledge.  The  first  portion  of  this  address,  therefore, 
refers  to  the  ground-work  of  South  African  stratigraphy  as  laid 
down  by  A.  G.  Bain;  this  is  followed  by  a  history  of  the  con- 
troversy regarding  the  Pre-Karroo  rocks  of  southern  Cape 
Colony:  then  in  order,  the  old  rocks  of  the  north,  the  much- 
discus.sed  glacial  conglomerate  and  the  rocks  of  the  Karroo,  the 
Xatal  sequence,  tlie  Cretaceous  rocks  of  South  Africa,  and  the 
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stratigraphy  of  the  Transvaal  are  considered.  A  discussion  of 
the  correlation  of  the  formations  occurring  in  the  different 
parts  of  Soutli  Africa  forms  the  final  section. 

THE    GROrXD-WORK    OF    SOUTH    AFRICAN    STRATIGRAPHY. 

Tlie  first  field  for  geological  investigation  in  South  Africa 
was  naturally  offered  by  the  Cape  Colony,  and  real  South  Afri- 
can geology  begins  with  the  work  of  Andrew  Geddes  Bain.  It 
is  true  that  visitors  and  travellers  such  as  Barrow,^  Lichten- 
stein,'-  Clarke  Abel;"^  and  Itier,*  recorded  many  interesting 
geological  facts,  and  even,  in  the  case  of  the  two  last  named, 
gave  detailed  accounts  of  individual  localities.  Xone  of  this 
work,  however,  can  be  ccmipared  with  that  of  Bain,  of  whose 
researches  I  do  not  think  it  is  possible  to  speak  too  highly. 

**  He  made,''  as  he  himself  wrote,  '*  the  first  attempt 

"  to  give  the  varied  formations  of  this  (the  Cape)  Colony  a 

**  local  habitation  and  a  name,  without   the    shadow   of    a 

**  foundation  to  commence  upon  but  what  his  own  observa- 

**  tion  suggested.     He  had  no  predecessors  whose  labour  he 

"  could  avail  himself  of,  nor  contemporaries  whose  assist- 

**  ance  he  could  solicit,  but  for  fourteen  years  was  groping 

*'  about  in  the  dark,  as  it  were,  through  virgin  fields  hitherto 

'*  quite  untrodden,  and  as  far  as    geology    goes    a   perfect 

^^  terra  incognita.'^  ^ 

His  first  incitement  to  geological  work,  he  tells  us,  came  from 

reading  Lyell's  Principles  of  Geology,  which  he  had  borrowed 

from  a  friend.**    He  was  forty  years  of  age  when  he  began,  and, 

before  he  finished,  he  gave  a  correct  outline  of  the  geological 

succession  and  structure  of  the  Cape  Colony. 

Bain  placed  his  work  before  the  Geological  Society  of 
London  in  two  papers,"  and  with  the  second  of  these  he  gave 
the  first  geological  map  of  South  Africa,  and  a  series  of  sec- 
tions, illustrating  his  views  of  the  succession  of  the  strata  and 
their  structural  relationships.  He  made  a  very  large  collec- 
tion of  fossil  remains  from  the  east  and  west  of  Cape  Colony, 
and  among  these  the  first  of  the  peculiar  Karroo  reptiles  were 
sent  home  to  he  described  by  Professor  Owen.*^  Invertebrate 
remains  from  the  Bokkeveld  Beds  were  also  in  the  collection, 
and  these  afforded  the  material  for  the  first  detailed  description 
of  the  fossils  from  these  rocks.-*  About  the  same  time,  with 
his  friend  Dr.  Atherstone,  to  whom  he  had  imparted  some  of  his 
own  entliusiasm.  Bain  made  a  collection  of  the  secondary  fauna 
of  the  rocks  near  Uitenhage,    the    description    of    which    by 

'  Barrow,  7.*         '^  Lichtenstein,  58.         '•'  Clarke  Abel.  1.         *  Itier,  49. 

»  From  the  original  MS,  of  the  introduction  to  his  paper  "On  the  Geology  of 
Southern  Africa." 

•♦  Reminiscences  and  Anecdotes  connected  with  the  History  of  Geology  in 
South  Africa.  East.  Prov.  Mon.  Maga.,  1856.  Reprinted  in  Trans.  Geol,  Soc. 
S.  Afi-.,  Vol.  II.,  pp.  59-75,  1896. 

"  Bain,  5,  6.         "*  Owen,  65.        "  Sharpe  and  Salter,  94,  »Sharpe,  92. 

*  These  numbers  refer  thi-oughout  to  the  litemture  list  given  at  the  end  of  this  paper. 
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Daniel  Sharpe  is  the  most  detailed  account  of   these  fossils  so 
far  published.^ 

I  give,  on  the  chart  appended  to  this  address,  Bain's  suc- 
cession of  the  strata  of  tlie  Cape  Colony,  and,  if  we  compare 
liis  view  of  the  sequence  with  tliose  held  by  later  writers,  we 
<'annot  but  admire  the  insight  shown  by  this  earlj^  worker. 
Bain  deserves  to  rank  araong  the  geolotjical  geniuses,  and  it 
is  plea.sant  to  know  that  his  merit  received  due  recognition,  and 
even  financial  reward,  at  the  hands  of  the  Geological  Society 
<if  Londcm,  the  British  Museum,  and  the  Home  Government. 

Practically  the  only  error  into  which  Bain  fell  was  in  con- 
nection with  a  ro(^k  which  puzzled  many  of  his  successors.    His 
"  claystone  porphyry  '' — an  old  name  for  what  would  now  be 
known  as  a  quartz-porphyrj- — is  the  much  discussed  and  in- 
teresting Ecca  or  Dwyka  Conglomerate,  which  he  held  to  be 
*'  the  production  of  an  immense  volcano,  which  we  may 
*'  suppose   to   have   existed    somewhere    near   the   junction 
"  of  the  Vaal  and  Orange  Rivers,  or  perhaps  about  the  site 
**  of  the  present  Compass  Berg,   whose   peak  rises  to  the 
'^  height   of   10,000   feet   above  the   sea-level ;   and   thence 
**  deluged  with  fiery  billows  the  Silurian  (?)  plains,  and 
"  spread  ruin  and  desolation  over  the  carboniferous  forests 
**  for  tens  of  thousands  of  square  miles."  - 
While  offering  this  explanation,  however,  he  admits  that  he  is 
in  a  dilemma,  because  he  saw  some   indications  that  the   rock 
had  been  produced  by  water  action,  but,  as  he  could  find  no 
trace  of  stratification,  he  felt  unable  to  confirm  this  view. 

That  Bain  did  not  recognise  the  true  origin  of  the  ancient 
South  African  glacial  deposit  need  not  detract  from  his  fame, 
for  many  men  with  greater  educational  advantages,  and  with 
knowledge  of  recent  icework  as  a  standard  for  comparison,  have 
spoken  with  hesitation,  doubt,  and  even  denial  of  the  glacial 
origin  of  this  conglomerate. 

Like  William  Smith,  '*  the  father  of  English  geology," 
Bain  was  a  road-maker,  and,  though  generously  treated  by  the 
home  government,  he  never  seems  to  have  received  any 
recognition  of  his  geological  work  from  his  immediate  em- 
ployer, the  Cape  Government.  That  body  was  not,  however, 
unaware  of  the  advantages  of  geology  to  the  state,  and,  while 
Bain  was  still  alive,  it  engaged  from  England  a  Mr.  Andrew 
Wyley  as  government  geologist.  Wyley's  time  was  "  occupied 
with  purely  mineral  questions  for  two  and  a  half  years,"  and 
he  had  **  the  short  space  of  eighteen  months  for  the  whole 
problem  of  Cape  geology,"  so,  as  he  said,  those  who  are 
acquainted  with  the  history  of  geology  will  scarcely  feel  sur- 
prised that  he  was  not  able  to  solve  it.^  His  published  work, 
in  what  we  may  term  pure  geologj-,  consists  of  a  short  report 
with    a    longer    appendix   issued    somewhat   later,*       He   also 

'  Sharpe,  91.         ■»  Bain,  6,  p.  186.         •'  Wyley,  106,  p.  5.        ^  Wyley,  107. 
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made  a  map  and  sections,  which  were  lodged  in  manuscript  in 
the  Colonial  Office,  but  which  were  vainly  looked  for  several 
times,  at  my  request,  while  I  was  in  Cape  Town. 

In  the  appendix  to  his  report  Wyley  gave  a  tabular  view 
of  the  succession  of  Cape  strata,  and  there  it  will  be  seen  that 
he  was  very  definite  in  his  correlation  of  South  African  with 
European  strata — more  so  than  his  knowledge  justified,  more 
definite  even  than  we  can  be  to-day.  Wj'ley^s  C(»ntribution 
to  South  African  geology  was  not  an  important  one — he  made 
no  addition  to  liain's  exposition  of  the  general  structure  of  the- 
<M)untry,  and  his  diiYuse,  rambling  observations  are  buried 
among  a  mass  of  varied  information  arranged  in.  the  diary 
form  of  a  field  note-book.  Coming  after  Bain — to  whose  work 
he  makes  curt  reference — Wyley  does  not  impress  one,  and  the 
first  official  geologist  in  South  Africa  is  now  known  chiefly  by 
tlie  title  of  the  appendix  to  his  report,  and  as  the  introducer  of 
the  term  "  trap  conglomerate,'^  in  place  of  Bain's  claystone 
porphyry,  for  the  rock  known  later  as  Ecca  conglomerate  or 
Dwyka  conglomerate.  He  practicallj-  adopted  the  succession 
given  by  Bain,  but  added  thereto  his  hasty  and  unwarranted 
correlation  with  European  strata,  which  led  to  much  miscon- 
ception, especially  among  writers  elsewhere  who  referred  to  his^ 
work. 

THE    COXTllOVEUSY    OVER    THE    rUE-KAKMOO    SEQUEXCE. 

Almost  contemporaneously  with  Wjdey,  Dr.  R.  N. 
Rubidge,  of  Graaft-Reinet,  and  later  of  Port  Elizabeth,  wrote 
several  papers  on  South  African  geology.^  His  observations 
led  him  in  take  a  different  view  of  the  succession  and  relation- 
ship of  the  four  oldest  divisions  of  the  rocks  in  south-western 
Africa  than  that  which  Bain  set  forth.  Rubidge  was  of  opinion 
that  the  Malmesbury  slates  beneath,  and  the  Bokkeveld  shales 
above,  the  Table  Mountain  Sandstone,  were  the  same,  and  that 
the  Witteberg  quartzites  above  the  Bokkeveld  Beds  were  on 
the  same  horizon  as  the  Table  Mountain  Series.  Had  this^ 
reading  been  correct  it  would  have  had  the  merit  of  simplicity. 
I'nfortunately  the  idea  was  based  on  erroneous  observations 
taken  on  **  tw(j  hasty  journeys.''  -  By  a  curious  chance,  how^ 
ever,  Rubidge  gained  support  from  a  distinguished  traveller, 
von  ilochstetter,  who  visited  South  Africa  with  the  Austrian 
*' Xovara "  Expedition  (1857-59),  and  made  a  trip  to  the 
country  near  the  Zcmdcr  Einde  Mountains.^  Owing,  perhaps, 
to  the  faulted  junctions  there  exposed,  Hochstetter  thought  the 
fossil  if  erous  Bokkeveld  Beds  probably  underlay  the  Table 
Mountain  Sandstone,  but  he  states  that  he  could  not  have  come 
to  this  conclusion  had  he  not  had  the  support  of  Rubidge's 
reading  of  the  Ceres  section.  Thus  an  error  arose  which  long 
held  sway,  and  found  supporters  even  as  late  as  1897. 

That  this  perverted  view  of  the  succession  of  the  oldest 

•  Rubidge,  76,  77,  77a.         ''  Rubidge,  77,  l».  196,         '  Hocbstetter,  46. 
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formations  should  have  existed  so  long,  is  the  more  peculiar 
from  the  fact  that  it  was  not  supported  by  the  work  of  Mr. 
E.  J.  Dunn,  who,  on  his  first  map  published  in  1873,^  after  he 
had  been  two  years  in  South  Africa,  adopted  Bain's  original 
succession.  Mr.  Dunn  issued  a  second  edition  of  his  map  in 
1875,-  and  the  additional  two  years'  work  confirmed  his  first 
views  of  the  sequence. 

In  1884,  Professor  Rupert  Jones,  in  a  paper  to  the  British 
Association  at  Montreal,  presented  the  Rubidge-Hochstetter 
view.^ 

In  the  same  year,  A.  MouUe,  a  French  engineer,  who  spent 
two  years  in  this  country,  gave  a  general  sketch  of  South 
African  geology,  in  which  he  adopted  Bain's  succession  for  the 
formations  in  c^uestion.* 

Mr.  Dunn,  m  1887,  on  the  last  edition  of  his  map,^  which 
may  he  regarded  as  a  summary  of  his  fifteen  years'  work  in 
South  Africa,  again  retained  for  the  oldest  formations  the  suc- 
cession which  he  had  at  first  adopted. 

In  the  same  jear  Professor  Cohen,  now  of  Greifswald,  pub- 
lished the  second  part  of  his  sketches  of  South  African  geology.  ** 
In  dealing  with  the  Ceres  section,  Cohen  states  that  the 
Malniesbury  slates  and  the  greywackes  of  the  Bokkeveld  are 
different  formations,  but,  not  recognising  the  true  character  of 
the  Witteberg  Quart zite  on  the  north  of  the  Warm  Bokkeveld, 
he  places  the  Table  Mountain  Quartzites  above  the  Bokkeveld 
Series,  and  agrees  with  Itubidge  and  Hochstetter  as  to  the 
identity  of  those  two  quartzite  series. 

In  1888  Professor  A.  H.  Green,  who  had  visited  South 
Africa  in  1882  to  report  to  the  government  of  the  Cape  on 
the  coals  of  the  colony,  published  *'  A  Contribution  to  the 
Geology  ancf  Physical  Geography  of  the  Cape  Colony,"  in 
which  he  adopted  Bain's  succession  for  the  above  beds. " 

Dr.  A.  Schenck,  in  the  same  year,  came  to  the  conclusion 
that  the  Table  Mountain  Sandstone,  with  which  he  classed  the 
Zuurberg  and  Witteberg  Quartzites  also,  and  the  Bokkeveld 
Beds  were  contemporaneous,  his  view  being  that  the  former 
were  the  shore  equivalents  of  the  latter.^  This  ingenious  solu- 
tion of  the  controversy  is,  however,  unnecessary,  and  in  the 
following  year,  1889,  Dr.  G.  Giirich,  a  countryman  of  Schenck, 
published  a  very  convincing  paper  on  the  relationship  of  the 
disputed  series,  which  he  himself  studied  in  the  neighbourhood 
of  Ceres,  and  unhesitatingly  assigned  to  the  positions  to  which 
Bain.  Dunn,  and  Green  had  allotted  them.*^ 

While  the  work  of  Dunn,  Green,  and  Gtirich  had  virtuallv 
settled  the  correctness  of  Bain's  orio^iiial  interpretation  of  the 
relationship  of  the  four  oldest  formations,  it  was  none  the  less 

'  Dunn,  25.  '^  Dunn,  26.  ='  Rupert  Jones,  60. 

*  Moulle,  68.  »Dunn,  27.  «  Cohen.  11. 

"  Greon,  88.  »  Schenck,  80.  «  Giirich,  88. 
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gratifyiug  that,  at  the  beginning  of  the  systematic  geological 
survey  of  Cape  Colony,  which  it  was  my  privilege  to  inaugurate 
at  the  end  of  1895,  we  were  able  to  confirm  the  individuality 
of  the  Malmesbury  Beds,  the  Table  Mountain  Sandstone,  the 
Bokkevekl  Beds,  and  the  Witteberg  Quartzites,  as  distinct 
series  in  this  ascending  order,  with  a  marked  unconformity  be- 
neath the  Table  Mountain  Sandstone.  We  found  also  that,  to 
a  large  extent,  liain  was  more  correct  than  s(mie  of  his  succes- 
sors as  regards  the  mere  distribution  (»f  the  strata,  and  that  his 
views  of  the  structure  of  the  country  required  amplifying 
more  than  c(»rrecting.^ 

Naturally  a  systematic  government  survey,  with  its  con- 
tinuity of  work  towards  a  definite  goal,  affords  the  best  oppor- 
tunity for  solving  structural  problems,  and,  early  in  the  history 
of  the  Cape  survey,  an  important  addition  to  our  knowledge 
was  made  in  the  discovery  by  my  then  colleague,  Mr.  A.  W. 
Rogers,  tliat  the  Zwartebergen  are  built  up  mainly  of  the  Table 
Mountain  Sandstone,  which  lias  been  folded  to  form  a  second 
mountain  chain,  parallel  and  similar  to  the  southern  Lange- 
bergen. 

The  view  formerly  accepted  was  that  the  Zwartebergen 
were  built  up  of  the  same  quartzites,  which,  north  of  Ceres,  lie 
above  the  li<»kkeveld  Beds,  and,  further  east,  form  the  Witte- 
bergen.  These  quartzites,  however,  play  a  comparatively  small 
part  on  the  northern  slope  of  the  mountains,  beneath  the  shales 
which  underlie  the  Dwyka  Conglomerate.  On  Dunn*s  1887 
map  the  Zwartebergen  immediately  north  of  Oudtshoorn  are 
shown  as  composed  of  Table  Mountain  Sandstone,  and,  in  the 
legend  to  that  map,  the  name  **  Zwarteberg  ''  is  not,  as  in  pre- 
vious editions,  associated  with  "  Zuurberg  and  Witteberg  "  as 
a  term  for  the  upper  series  of  the  Cape  system,  so  that  we  may 
consider  that  Mr.  Dunn  by  that  time  had  some  inkling  of  the 
true  state  of  affairs. 

After  two  vears'  work  of  the  survev  we  were  enjibled  in  the 
report  for  1897  to  give  a  map  and  a  series  of  sections  showing 
the  distribution  of  the  rocks  and  the  general  structure  of  the 
south-western  districts  of  the  Cape  Colony,  and  to  attempt  some 
discussion  of  the  general  geological  history  of  the  region 
surveyed.- 

During  the  years  which  have  since  elapsed,  the  survey  has 
rnnfirmed  the  succession  then  adopted  fc»r  the  (dder  nu  ks.  and 
greatly  enlarged  our  knowledge  of  their  distribution,  and  the 
part  they  play  in  the  structure  of  southern  and  western  Cape 
Colony.  *  The  results  will  be  found  adequately  presented  in 
the  wA-en  annual  repents  of  the  Gecdogical  Commission  hitherto 
published,  and  I  need  hen-  only  refer  to  two  interesting  strati- 
grapliical  di«wc»veries  which  have  l)een  made  during  these  years. 

First,  the  old  rocks  at  Cango,  near  Oudtshoorn,  given  on 


»  Corstrin»hine,  18.  -  R<*p.  Geol.  Com.  for  1S97,  pp.  3     AX 
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Mr.  Dunn's  maps  as  Namaqiialand  Schists,  proved  to  be 
different  from  those  similarly  designated  near  George  and 
Worcester,  which  we  found  to  be  Malmesbury  Beds.  The 
Cango  rocks  consist  of  dolomite — similar  to  that  occurring 
throughout  the  Transvaal — limestone,  grits,  slates,  and  sheared 
conglomerates.  The  latter  contain  boulders  of  granite,  so  that 
if  the  Cango  rocks  are  contemporaneous  with  the  Malmesbury 
Beds,  they  must  have  derived  their  boulders  from  some  older 
granites  than  those  intrusive  in  the  Malmesbury  Beds.  If 
they  got  their  granite  boulders  from  the  Malmesbury  intru- 
sions, then  necessarily  they  are  younger  than  these.  Their 
true  position  is,  however,  doubtful,  and  we  introduced  the  name 
'*  Cango  Conglomerates ''  to  distinguish  them.^ 

Second,  in  1900  the  assistant  geologists,  Messrs.  Rogers 
and  Schwarz,  discovered,  in  the  Vanrhynsdorp  district,  a  series 
of  sandstones  and  slates  lying  unconformabiy  between  the 
Malmesbury  Beds  and  the  Table  Mountain  Sandstone.  To 
tliis  hitherto  unrecognised  series,  the  name  "  Ibiquas  Beds " 
was  given. - 

THE   OLD    ROCKS    OF    NORTIIERX    CAPE    COLOXY. 

In  comparison  with  the  progress  made  towards  a  full  know- 
ledge of  the  distribution,  sequence,  and  relationship  of  the  old 
rocks  on  the  south  and  west,  little  has  yet  been  done  towards 
giving  a  clear  idea  of  the  Pre-Karroo  rocks  on  the  north  of 
Cape  Colony.  Up  to  the  present  the  geological  survey  has  only 
been  able  to  devote  six  months  to  the  northern  portion  of  the 
Colony,  and  the  work  was  then  limited  to  the  interesting  coun- 
try, forming  the  basin  of  the  Orange  Eiver,  in  the  Hopetown 
and  Prieska  Districts. 

The  earlier  accounts  of  the  northern  geology  deal  with 
special  localities,  and  are  scarcely  sufficient  to  give  one  a  com- 
prehensive grasp  of  the  region  as  a  whole. 

Xamaqualand,  with  its  copper  mines,  has  naturally  been 
frequently  reported  upon.  A  good  account  of  the  mines  and 
their  immediate  neighbourhood  was  given  in  1854  in  a  Govern- 
ment report  by  the  then  survej'or-general  of  the  Cape,  Mr.  C. 
D.  Bell.^  In  the  following  year  Mr.  Richard  Bright,*  in  his 
later  years  magistrate  at  Stellenbosch,  gave  an  interesting 
lecture  on  "  Namaqualand  and  its  mines,'^  which  he  had  him- 
self visited.  He  speaks  of  the  granite,  syenite,  gneiss,  schists, 
and  quartzite,  extending  from  the  coast  inland  to  the  mines, 
and,  in  one  locality,  Schaap  River  Mountains,  he  recognised 
certain  quartzites  as  "  Table  Mountain  Sandstone." 

In  the  same  year  Delesse  ^  wrote  a  paper,  dealing  chiefly 
with  the  mines,  based  on  BelPs  report  and  on  specimens  which 
hjid  l)een  sent  to  Europe.     Delesse's  geology  cannot  be  regarded 


t' 


>  Report  of  the  Geol.  Coin,  for  1898,  p. 
2  Rep.  Geol.  Com.  for  1900,  p.  25. 
3  Bell,  8.  *  Bright,  9.  »  Delesse   16. 
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as  specially  authentic,  since  he  placed    Jurassic    rocks    some- 
where on  the  Orange  River. 

In  1856^  Wyley  reported  "  Upon  the  nature  and  general 
character  of  the  Copper  Districts  of  South  Namaqualand,"  but 
gave  practically  no  geology. 

One  of  Mr.  Dunn's  earliest  reports  to  the  Cape  Govern- 
ment deals  with  Namaqualand  and  Bushmanland.^  He  de- 
scribes tlie  gneiss  of  the  Orange  River  valley  and  the  schists 
which  he  considers  as  lying  above  the  gneiss.  He  also  describes 
the  **  Namaqualand  Schists  (metamorphic)  "  of  the  Doornberg 
as  consisting  of  jasper  rocks  rich  in  magnetite,  schists,  gneiss, 
and  schistose  conglomerates.  The  old  rocks  near  Prieska  he 
states  to  be  **  identical  in  character  with  and  evidently  a  portion 
of  the  same  formation  as  the  old  metamorphosed  stratified 
rocks  of  Klein  Namaqualand  ....  their  precise  relation 
to  the  Malmesbury  Beds  underlying  Table  Mountain  Sandstone 
remains  yet  to  be  worked  out.'*  ^  On  each  of  his  three  maps 
Dunn  gives  a  different  interpretation  to  these  rocks  on  the 
north  of  Cape  Colony.  On  the  first  they  are  shown  as  Nama- 
qualand Schists;  on  the  second  partly  as  Namaqualand  Scliists 
and  partly  as  Malmesbury  Beds;  while  on  the  last  edition  they 
are  criven  as  a  portion  of  the  Lydenburg  Beds  which  lie  above 
the  Malmesbury  Beds,  and  comprise,  not  only  the  rocks  of 
Lydenburg,  but  practically  tlie  whole  of  the  old  rocks  of  the 
southern  Transvaal,  including  what  we  now  know  as  the  Black 
Reef,  Dolomite,  and  Gatsrand  or  Pretoria  Series.  It  is  a  pity 
that  Mr.  Dunn  gave  no  explanatory  text  with  this  map,  for  it 
would  be  interesting  to  know  his  grounds  for  placing  these 
rocks,  which  cover  so  vast  an  area  far  removed  from  any  of  the 
typical  southern  rocks,  between  the  Malmesbury  and  the  Table 
Mountain  Series. 

Much  detailed  and  accurate  work  was  done  on  the  north  of 
Cape  Colony  by  G.  W.  Stow.  Self-taught,  like  Bain,  Stow 
(levoted  his  attention  especially  to  the  Province  of  Griqua- 
land  West,  and  also  to  the  Uitenhage  district.  He  was  for  a 
time  geologist  to  the  government  of  Griqualand  West,  and,  at 
a  later  date,  to  that  of  the  Orange  Free  State.  In  18<S1, 
correspondence  between  him  and  the  former  government  was 
printed  by  order  of  the  House  of  Assembly  of  the  Cape  Colony, 
and  the  story  of  hardship  and  distress  therein  detailed  by 
Stow,  as  resulting  from  the  Government's  treatment  of  him, 
does  not  redound  to  official  credit.  Stow,  as  early  as  1873,  tried 
to  get  the  various  South  African  governments  to  entertain  a 
scheme  for  a  geological  survey  of  the  entire  region,  and,  ac- 
cording to  the  correspondence,  the  Legislative  Council  of  Gri- 
qualand was  enlightened  enough  to  undertake  a  survey  of  the 
province   without    waiting  for  the   co-operation   of   the  neigh- 

1  Wyley.  106.  '^  Dunn,  2?,  ^  Dunn,  loc.  cit.  p.  8. 
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bouring  states.  ^  The  results  of  Stow's  survey  were  never  offi- 
cially published,  but  a  valuable  manuscript,  containing 
probably  the  whole  of  his  work,  was  some  time  ago  presented  to 
the  Geological  Society  of  South  Africa  by  the  late  Dr.  Exton, 
-and  may,  under  the  auspices  of  that  body,  be  one  day  published 
as  a  fitting  memorial  to  a  man  whose  life  was  sacrificed  to 
science. 

A  portion  of  Stow's  Griqualand  West  work,  done  appar- 
ently before  he  became  official  geologist,  was  published  in 
the  Quarterly  Journal  of  the  Geological  Societjs  London, 
in  1874.2  In  a  long  paper.  Stow  describes  various  Griqualand 
West  sections,  and  gives  much  detailed  information  with  great 
accuracy.  Perhaps  the  paper  is  overloaded  with  detail,  and 
there  is  an  absence  of  that  broad  generalisation  which  is  so 
notable  in  Bain's  work,  but  still  Stow  may  justly  be  considered 
as  second  in  order  of  merit  among  the  earlier  workers  in  South 
African  geology. 

In  the  paper  to  which  I  have  referred.  Stow  describes  the 
granite  and  gneiss  of  the  district,  as  well  as  the  other  Pre- 
Karroo  rocks,  and,  when  Messrs.  Rogers  and  Schwarz  dealt  with 
these  rocks  in  the  territory  adjoining  that  described  by  him, 
they  found  his  classification  and  sequence  were  a  proper  pre- 
sentation of  the  facts."* 

The  rocks  over  this  northern  portion  of  Cape  Colony  can- 
not at  present  be  correlated  with  those  so  well  known  on  the 
south,  and  the  classification  of  the  sedimentary  series,  given  in 
the  report  of  the  Geological  Commission  for  1899,  was  based  as 
follows  on  that  of  Stow:  — 

1.  Granite  and  Gneiss. 

2.  Keis  Series — Quartzite  and  mica  schists. 


Griqua       Town       series — magnetic 

I" 

I         and  quartzite. 


3.     Doornberg  Series  jcampbS'llamf  Series-Limestone 


4.     Matsap  Series — Quartzites  and  conglomerates. 

I  shall  refer  later  to  the  peculiarities  of  the  old  rocks  on 
the  north,  compared  with  those  on  the  south,  when  I  treat  of 
the  general  question  of  correlation.     (See  p.  ITO.) 

the  rocks  of  the  karroo. 

Owing  to  the  clear  natural  division  which  exists,  there  has 
been  no  uncertainty,  from  Bain's  time  onward,  as  to  the  separa- 
tion between  the  older  rocks  of  South  Africa  and  those  which 
make  up  the  Karroo  and  younger  systems;  but  there  has  been 
much  interesting  discussion  as  to  the  origin  and  meaning  of 
the  strange  conglomerate,  which  lies  at  or  near  the  base  of  the 
Karroo  System.  Bain,  as  we  have  seen,  described  the  conglo- 
merate as  a  "  Claystone  porphyry,"  due  to  the  activity  of  some 

•  Stow,  101.  p.  4.  2  Stow,  98. 

3  Rep.  Geol.  Com.  for  1899,  p.  68. 
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great  volcano.     Wyley  adopted  the  same  explanation,  but,  lay- 
ing more  stress  than  Bain  on  the  included  boulders,  called  the 
rock  a  "  Trap-conglomerate."  ^  Dr.  W.  G.  Atherstone,  famous 
afterwards  as  the  first  to  decide  that  the  crystal  obtained  by 
the  trader  O'lieilly  was  indeed  a  diamond,  was  also  a  supporter 
of  the  igneous  theory.       He    described    the    rock    as    having 
a    felspathic    fusible    base,    and    assuming    the    appear- 
ance    of     a     conglomerate     or    breccia,     the     included 
"  pebbles    of    granite,    gneiss,    quartz,    slate,    and    sand- 
"  stone,    being    sometimes    angular,    sometimes    rounded, 
"  whilst  in  some  parts  of  the  Zuurberg  it  is  vesicular,  i.e., 
**  containing  gas-bubbles  which  have  been  filled   up  with 
*'  zeolites,  agates,  etc.    It  is  not  a  true  poi-phyry,  although 
*'  the  base  is  porphyritic,  but  appears  as  if  the  molten  lava 
**  in  bursting  up  through  the  lower  beds  had  broken  up  and 
"mixed  in  its  liquid  paste  the  fragments  of  the  different 
**  rocks  it  had  passed  through.     From  the  description  given 
"  by  Darwin  of  the  claystone-porphyiies  and  porphyritic 
**  conglomerates  and  breccias  of  South  America  running 
"  imperceptibly  into  each  other,  I  should  think  the  Zuur- 
*'  berg  rock  is  of  the  same  character,  and  may  have  been 
"  at  times  either  an  upheaving  rock  or  a  submarine  lava 
"  poured  out  over  the  surface."  ^ 
Dr.  P.  C.  Sutherland,  of  Natal,  who  was  later  to  arrive  at  the 
true  explanation,  also  at  first  took  the  rock  to  be  a  lava  flow,, 
and  thought  the  striations  underneath  it  were  due  to  the  move- 
ment of  the  igneous  mass.^     Ralph  Tate  in  1867  stated  that  the 
rock  as  exposed  *'  on  the  flanks  of  the  Zuurberg  is  decidedly  a 
dolerite  containing  angular  and  rounded  fragments  of  quartzite 
and  granite,''  and  then  referred  to  it  as  **  this  Trap  breccia."^ 

It  was  in  18G8  that  Sutherland  in  the  following  words  first 
published  what  we  now  know  to  be  the  true  explanation  of  the 
origin  of  this  peculiar  conglomerate  :  — 

"  the  deposition  of  this  formation  cannot  be  accounted 
'*  for  except  by  reference  to  glacial  action.  It  is  by  the 
**  action  of  glaciers,  coast  ice,  and  icebergs,  and  by  it 
"  alone,  that  fine  silt  and  boulders  of  many  tons  weight  can 
*"  be  deposited  simultaneously  on  the  same  sea  or  lake 
**  bottom.  The  great  Scandinavian  drift  is  precisely  the 
**  same  in  mechanical  composition  as  the  boulder  clay  of 
"  Natal,  with  which  we  are  now  dealing.  Professor  Ram- 
**  saj*  has  assigned  certain  breccias  of  Permian  age  to 
"glacial  acticm;  there  is,  therefore,  no  reason  why  our 
"  quastlo  rr.rata  should  any  hmger  remain  unsettled.  .  . 
**  The  sandstone  on  which  this  boulder  formation  rests  is 
"  highlj*  grooved  and  striated,  as  if  clay  or  some  semi- 
"  plastic  substance  containing  hard  fragments  had  passed 

Wvley,  107,  p.  7.  '^  Atherstone,  8,  p.  587. 

Sutherland,  10?.  *  Tate,  104,  p.  142,  footnote. 
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"  over  it  witli  considerable  pressure.  Tliis  may  be  seen  at 
'*  the  llmgeni  above  tbe  Queen's  Bridge,  near  the  copper 
**  mines  at  the  Ifumi,  near  Fort  Buckingham  at  the  Tugela, 
"  and,  I  was  informed  by  His  Excellency  Sir  George 
"  Grey,  on  the  top  of  Table  Mountain  at  the  Cape  of  Good 
"  Hope."  1 
I  need  liardlv  sav  that  the  last  observation  has  not  been  con- 
firmed. 

Two  years  after  Sutherland's  lecture  Mr.  C.  L.  Griesbach,^ 
in  what  is  still  the  best  general  sketch  of  Natal  geology,  de- 
scribed the  peculiar  appearance  of  the  boulders  as  due  to 
weathering.  I  do  not  know  what  Mr.  Griesbach  may  now 
think,  but  in  1896,  when  I  had  the  pleasure  of  meeting  him  in 
Cape  Town,  and  discussing  some  of  these  geological  questions 
with  him,  he  did  not  accept  a  glacial  origin  for  either  the 
South  African  Dwyka,  or  the  Indian  Talchir,  Conglomerate. 

Moulle,  writing  fourteen  years  later,  confirmed  Gries- 
bach's  description,  but  named  the  rock  a  melaphyre  breccia.3 

G.  W.  Stow,  to  whose  important  work  on  Griqualand  West 
I  have  already  referred,  knew  the  glacial  conglomerate  there. 
He  appears,  however,  to  have  been  unable  to  view  the  glacial 
striae  as  of  palaeozoic  age,  but  regarded  the  ice-action  as  con- 
temporaneous with  the  Great  Ice  Age  of  the  northern  hemi- 
sphere.* 

In  1875  Mr.  R.  Pinch  in  described  the  conglomerate  as 
metamorphic,^  so  there  is  no  division  of  our  petrographical 
classification  into  which  some  one  or  other  has  not  placed  this 
marvellous  rock. 

Mr.  Dunn  during  his  stay  in  this  country  wrote  much  about 
the  conglomerate,  and  in  the  end  he  confirmed  the  correctness 
of  the  glacial  explanation  for  all  the  outcrops  in  the  Cape 
Colony.  He  seems  to  have  first  come  across  the  conglo- 
merate on  the  north  of  the  Colony,  east  and  west  of  Hope- 
town,  in  1872.  There,  and  at  once  he  had  no  doubt  of  the  gla- 
cial origin  of  the  rock,  but  stated  that  **  very  scant  material  has 
lK»en  met  with  for  determining  the  age  of  the  conglomerate. 
It  is  probably  older  than  the  upper  drift  of  Pniel  classed  as 
P.  Pliocene.''^  Professor  Cohen,  who,  accompanied  by  Stow, 
saw  some  of  these  same  outcrops  in  1872,  but  did  not  describe 
them  till  1887,  was  also  of  opinion  that  they  were  recent — 
Pleistocene,  according  to  his  view — though  he  did  not  see  suffi- 
cient evidence  for  adopting  a  glacial  explanation.^ 

On  his  first  map  (1873),  Mr.  Dunn  showed  these  northern 
outcrops  as  "  Glacial  Conglomerate "  at  the  top  of  his  sedi- 
mentary sequence,  but  represented  the  whole  band  of  conglo- 
merate along  the  south  of  the  Karroo  as  an  igneous  rock  under 

'  Sutherland,  IW,  p.  18  and  17,  ^  Qrieshach,  8ft.  •»  Moulle,  68. 

*  Stow,  »7.  «  Pinchin,  70. 

Dunn,  22,  p.  U.  '  Cohen,  11,  p.  273. 
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Wyley's  name  of  "  Trap  Conglomerate."  On  the  second  edi- 
tion  (1875)  Mr.  Dunn  still  kept  the  two  conglomerates  separate, 
but  introduced  the  name  "  Dwyka  Conglomerate  "  foi:  the  out- 
crops on  the  south  of  the  Karroo  as  well  as  for  those  in  Natal. 

In  a  report  published  in  1879,  Mr.  Dunn  discussed  the 
origin  of  the  rock  and  there  explained  his  reasons  for  introduc- 
ing the  non-genetic  term,  **  Dwyka  conglomerate,''  from  its 
**  characteristic  occurrence  near  the  river  of  that  name.''  In 
this  report  he  gave  up  the  igneous  explanation  of  the  origin  of 
the  southern  occurrences,  stating  that  **  the  so-called  trap  con- 
glomerate is  as  much  a  sedimentary  rock  as  the  sandstones 
above  and  below,"  and  that,  with  the  dark  arenaceous  shales 
below,  it  must  be  included  in  the  Ecca  Beds.i 

The  crowning  stage  of  Mr.  Dunn's  investigation  of  this 
interesting  rock  was  reached  in  the  work  which  he  presented 
in  his  **  Report  on  a  supposed  extensive  deposit  of  coal  under- 
lying the  central  districts  of  the  Colony.''  On  the  sketch-map 
published  to  illustrate  this  report,  Dunn  showed  the  northern 
glacial  conglomerate  of  his  former  maps,  and  the  southern 
**  Dwyka,"  as  one  continuous  outcrop,  and  in  the  text  he  assigns 
both  to  a  glacial  origin.^  In  the  last  edition  of  his  separate 
map  published  in  the  following  year  (1887),  the  same  view  is 
presented,  and  in  the  legend  the  *'  Dwyka  Conglomerate  "  is 
described  as  glacial. 

Dunn's  work — conclusive  though  it  should  have  been — did 
not  at  once  gain  general  acceptance.  Other  geologists  who 
visited  South  Africa  without  finding  the  definite  evidence  of 
glacial  action  which  Sutherland  and  he  had  shown  to  exist 
in  the  Dwyka  Conglomerate,  were  either  unable  to  accept  such 
an  explanation  of  its  origin,  or  denied  altogether  that  tlie 
aspect  of  the  rock  was  that  of  a  glacial  conglomerate.  Thus, 
Professor  Cohen  simply  stated  that  it  was  of  clastic  origin,  and 
not  a  product  of  volcanic  activity.-^  Professor  Green  tiiought 
it  was  a  coarse  shingle  formed  along  a  retreating  coast-line, 
but  if  he  had  found  the  rock  in  a  known  glaciated  country  he 
indicates  that  his  attitude  might  liave  been  very  dii^'erent.^ 
From  the  specimens  which  Green  took  home.  Sir  Archibald 
Geikie  and  Dr.  Hatch  both  suggested  that  the  rock  had  **  the 
aspec^t  of  a  volcanic  breccia,"  an  opinion  which  tlie  latter 
author  also  held  in  1898,  and  for  which  he  then  obtained  sup- 
port from  Or.  J.  W.  Gregory. ^ 

I  believe  that  this  last  determination  would  almost  invari- 
ably be  given  on  examination  of  hand  specimens,  and  perhaps 
even  of  microscopic  sections,  of  the  hard,  compact,  dark  rock 
characteristic  of  the  southern  outcrops.  It  is  only  the  striations 
on  the  included  boulders  which  suggest  the  real  nature  of  the 
rock,  and  one  run  rarely  recognise  tliese  on  the  smaller  pebbles 

'  Dunn,  Saa,  pp.  6  and  8.  '^  Dunn,  24. 

» Cohen,  11,  p,  2f)8.  *  Green,  88,  p.  243. 

«  Hatch,  40.  pp.  94  &  100.; 
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of  an  ordinary  hand-specimen.  Tlie  difficulty  in  determining 
the  southern  rock  as  glacial,  and  not  volcanic,  is  brought  home 
to  one  in  the  fact  that  both  Sutherland  and  Dunn  maintained 
its  igneous  origin,  before  they  were  convinced  of  its  true 
character. 

Dr.  A.  Schenck,  now  of  Halle,  writing  in  1888,  held  the 
Dwyka  to  be  glacial,  but  considered  that  its  identity  with  the 
outcrops  of  glacial  conglomerate  in  the  north  of  Cape  Colony 
was  still  doubtful  ^ 

Dr.  F.  M.  Stapff,  an  engineer  and  a  countryman  of  Schenck, 
entered  into  the  controversy  in  the  following  year,  1889,  and 
gave  an  anti-glacial  explanation  for  all  the  southern  conglo- 
merate outcrops,  and,  only  to  a  limited  extent,  accepted  glacial 
action  for  the  northern  rock. '^  Schenck  replied,  and,  more 
emphatically  than  in  his  earlier  paper,  assigned  to  the  Dwyka 
as  well  as  the  northern  conglomerate  a  glacial  origin,  and  was 
then  disposed  to  admit  their  identity .^ 

In  1893  Mr.  A.  11.  Sawyer  reported  to  the  Cape  government 
on  the  geology  and  mineral  resources  of  the  division  of  Prince 
Albert,  where  he  saw  good  outcrops  of  the  typical  southern 
Dwyka  and  described  it  as  a  **  sedimentary  rock."  From  it& 
occurrence  in  the  field,  and  examination  of  the  matrix  in  thin 
section  under  the  microscope,  he  took  it  to  be  **  undoubtedly  a 
volcanic  ash  mixed  no  doubt  in  part  with  other  fragmentary 
niaterials  derived  from  the  operation  of  moving  water.* 

The  next  observation  recorded  of  the  southern  Dwyka  was 
by  my  former  colleague,  Mr.  E.  H.  L.  Schwarz,^  of  the  Cape 
survey.  Mr.  Schwarz,  in  1896,  obtained  in  the  small  basin  of 
Dwyka  Conglomerate,  north  of  the  Gydo  Mountains,  Ceres,  un- 
doubted glacially  facetted  and  striated  boulders,  which  are  now 
exhibited  in  the  South  African  Museum,  Cape  Town.  In  the 
following  years  we  all  found  glaciated  boulders  in  the  Dwyka, 
at  various  localities  along  the  southern  boundary  of  the  Karroo, 
as  Mr.  Dunn  had  in  earlier  years.  In  fact,  the  glacial  theory 
was  the  only  one  to  which,  from  the  beginning,  the  survey 
results  gave  any  support.  As,  however,  all  the  outcrops,  with 
which  we  became  familiar  on  the  south,  showed  the  conglome- 
rate and  its  occasional  shale  beds,  conformably  interbedded  be- 
tween the  Witteberg  quartzites  and  the  Ecca  shales,  the  source 
of  the  ice-worn  stones  remained  as  much  a  mystery  as  ever. 

In  1899,  as  I  have  said,  the  survey  was  carried  on  by 
Messrs.  Bogers  and  Schwarz  in  the  Prieska  and  Hopetown  divi- 
sions on  the  north  of  the  Colony.  There  the  rock,  originally 
named  Glacial  Conglomerate  by  Mr.  Dunn,  and  afterwards 
linked  up  by  him  as  identical  and  continuous  with  the  southern 
Dwyka  Conglomerate,  was  studied  in  some  detail.^  In 
his    1886    paper,    Mr.    Dunn     correctly    described    the    older 

'  Sclienck,  80,  ^  gtapft,  95  ^  Sclienck,  82. 

*  Sawyer,  79,  p.  4.  »  Rep.  GeoK  Com.,  1896,  p.  36  (8vo.  ed.l 

«  Rogers  and  Sc^liwarz,  78. 
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rocks  in  the  Hopetown  district  as  grooved  and  striated  under- 
neath the  conglomerate,  and  ascribed  the  phenomena  to  the 
grounding  of  icebergs,  which  he  considered  were  also  re- 
sponsible for  the  formation  of  the  entire  conglomerate.  ^ 
The  result  of  the  1899  work  of  the  Cape  survey,  was,  how- 
ever, to  show  that  there  is  a  distinct  diiJerence  in  ihe  character 
and  relationship  of  the  northern,  compared  with  the  southern, 
conglomerate  outcrops — the  northern  rock  lying  unconformably 
on  much  older  rocks  instead  of  conformably  in  its  natural 
seouence.  When  I  discussed  the  results  of  the  work,  I-  could 
only  conclude  that  we  had  to  deal  on  the  north  witli  a  true 
ground-moraine  on  the  site  of  the  ancient  glacier,  while  tlie 
southern  Dwyka  represents  the  silt  and  boulders  carried  south- 
ward by  floating  ice,  and  spread  over  the  floor  of  the  great  in- 
land sea  which  in  late  carboniferous  times  occupied  the  site  of 
the  now  arid  Karroo.'^ 

Since  the  early  descriptions  by  Bain  and  Wyley,  the  ordi- 
nary sedimentary  rocks  of  the  Karroo  and  their  fossils  have 
been  described  and  classified  chiefly  by  Tate,  Rupert  Jones, 
Dunn,  Green,  Feistmantel,  and  Seeley.  The  interest  of  the 
Karroo  stratified  rocks  is  palaeontological,  much  more  than  geo- 
logical. When  one  passes  from  the  area  which  has  been  im- 
plicated in  the  great  foldings  that  produced  the  Zwartebergeu, 
one  finds  only  a  series  of  horizontal  or  gently  dipping  sand- 
stones and  shales  without  any  outstanding  structural  features. 
Even  the  palaeontological  interest  is  limited  to  scattered  locali- 
ties, for  one  may  examine  extensive  areas,  and  considerable 
thicknesses  of  strata,  without  finding  any  trace  of  organic  re- 
mains; in  fact,  the  sparseness  of  fossil  localities — quite  as  much 
as  of  fossil  horizons — in  South  African  rocks  generally,  always 
strikes  one  as  peculiar. 

Professor  Rupert  Jones  gave  a  sequence  for  the  Karroo 
strata  in  1867,  in  a  paper  by  Ralph  Tate^  on  certain  specias  of 
South  African  fossil  plants  which  had  been  collected  and  pre- 
sented to  the  Geological  Society  by  Atherstone,  Rubidge, 
Sutherland,  and  others.  The  various  divisions  are  named  from 
below  upwards,  as  :  — 

1.  Ecca  Beds,  in  an  "  upper  and  lower  series  separated  by, 
and  lying  conformably  with,  the  remarkable  band  of 
igneous  rock  which  extends  across  South  Africa  '*  [i.e., 
the  Dwyka  Conglomerate]. 

2.  Koonap  Beds. 

3.  The  Beaufort  Beds. 

4.  The  Stormberg  Beds. 

Mr.  Dunn  did  a  good  deal  of  work  for  the  Cape  govern- 
ment in  connection  with  various  mineral  occurrences  at 
different  horizons  in  the  Karroo  System,  and  made  a  detailed 
survey  of  the  Stormberg  Beds  in  the  Molteno  neighbourhood  in 

"  Dunn,  24,  p.  6,  Rep,  Geol  Com.  for  1899,  p,  27.         ^  Tate,  104, 
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1878.1  In  his  various  reports  he  makes  practically  no  change 
in  his  original  Karroo  sequence,  but  he  altered  his  first  ex- 
pressed opinion  as  to  the  relationship  of  the  upper  and  lower 
beds,  which  he  had  at  first  thought  unconformable.  In  his  1886 
report,  the  last  one  to  the  Cape  government,  Mr.  Dunn  con- 
cluded that,  in  the  entire  Karroo  Svstem,  from  the  Dwyka  Con- 
glomerate to  the  Stormberg  Beds,  there  appeared  **  to  be  no 
break  or  want  of  conformity  whatever,"*-  a  view  quite  in  accord 
with  our  present  knowledge. 

In  1883,  and  again  in  1888,  the  late  Professor  A.  H.  Green  ^ 
<liscu8sed  the  Karroo  Beds,  which  he  placed  in  five  groups :  — 

Stormberg  Beds, 

Karroo  Beds, 

Kimberley  Shales 

(great  uncon fortuity ), 

Ecca  Beds, 

Dwyka  Conglomerate 
(unconforviity  ), 
He  considered  that  the  northern  shales  were  distinct  from  the 
southern,  and,  under  the  name  of  Kimberley  shales,  ho  placed 
them  unconformablv  above  the  Ecca  Beds.  Green  correlated 
his  Kimberley  shales  with  Stow's  olive  shales,  and  regarded 
Stow*8  **  Ancient  (Conglomerate"  at  the  base  of  these  shales,  as 
something  different  from  the  Dwyka,  with  which  he  suspected  it 
had  been  confounded.  We  now  know  that  the  Kimberley 
shales  and  the  conglomerate  beneath  them  are,  as  Dunn  helcl, 
identical  with  the  Ecca  Beds  and  their  basal  conglomerate. 

The  best  discussion  of  the  Karroo  System  and  description 
of  its  fossil  flora,  which  I  know,  was  published  by  Dr.  Ottokar 
Feistmantel  in  1889.*  Feistmantel  begins  his  invaluable 
paper  with  a  catalogue  raisontie  of  the  chief  literature,  he  next 
deals  critically  with  various  authors'  views  of  the  classification 
and  sequence,  not  only  of  the  Karroo  but  also  of  the  underlying 
systems,  and  then  gives  what — until  Mr.  Seward  began  his 
work  on  South  African  fossil  floras-  was  certainly  the  best 
account  of  the  Karroo  plants.  Feistmanters  views  are  particu- 
larly interesting  in  virtue  of  his  experience  in  India,  and  his 
knowledge  of  the  Australian  fossil  floras.  In  an  earlier  paper* 
he  had  also  dealt  with  the  comparative  geology  of  the  three 
regions,  and  one  can  only  regret  that  he  did  not  live  to 
complete  his  descriptions  of  the  South  African  plant  fossils. 
Feistmantel  arranged  the  Karroo  beds  in  three  groups-  a 
lower,  including  the  Dwyka  conglomerate  and  the  Kimberley- 
Ecca  Shales,  which  is  certainly  the  best  classification  of  these 
lowest  beds,  a  middle  including  the  Beaufort  Beds,  and  an 
upper  comprising  the  Stormberg  Beds.  From  the  determina- 
tion of  the  plant  remains  Feistmantel   correlated   the   Storm- 

>  Dunn,  VL  '^  Dunp,  24,  p.  5.  •'  Green,  82,  88. 

*  Feistmantel,  2t.  ^  Feistinantel,  28, 
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berg  Beds  as  probably  equivalent  to  the  liias  and  Rbaetie ;  tbo 
Beaufort  to  the  Trias;  and  the  lowest  division  to  the  Permo- 
carboniferous  of  the  northern  hemisphere.^ 

Professor  H.  G.  Seeley  has  given,  incidentally  in  his  series 
of  monumental  papers  on  the  Karroo  Beptilia,  a  division  of  the 
system  into  zones  in  accordance  with  the  distribution  of  the 
remains  of  these  peculiar  vertebrates.  He  proposed,  in  1892, 
a  five-fold  division  of  tlie  entire  system  from  above  downwards^ 
thiis'^  : — 

5.     Zone  of  the  Zanclodonts. 

4.     Zone  of  the  Specialised  Theriodonts. 

3.     Zone  of  the  Dicynodonts. 

2.     Zone  of  the  Pareiasaurians. 

1.  Zone  of  the  Mesosaurs. 
Enough  work  on  the  Karroo  has  now  been  done  by  the 
Cape  survey  to  permit  of  an  outline  classification  of  the  beds, 
and  Mr.  Rogers  gave  such  in  his  report  for  1902.  (See short.) 
In  the  classification  of  this  system  I  think  it  is  a  pity  that  the 
separation  of  the  Dwyka  as  a  "  Series/'  which  I  adopted  in 
1897,  should  still  be  maintained ;  for  the  subsequent  work  in 
the  Cape  Colony,  and  the  observations  I  have  made  in  the 
Transvaal,  indicate  that  the  original  classification  of  the 
Dwyka,  as  a  portion  of  the  Ecca  Series,  is  the  best  representa- 
tion of  the  facts. 

Quite  recently  Mr.  A.  C.  Seward  has  described  the  fossil 
plants  collected  by  the  survey  in  the  lowest  and  uppermost  divi- 
sions of  the  Karroo  system,  and  been  able  to  confirm  Feistman- 
tel's  tentative  correlation  of  the  Stormberg  Beds  with  the 
Rhaetic  of  Europe.^ 

Further  stratigraphical  work  on  the  Karroo  System  will 
probably  take  the  form  of  more  minute  classification  of  the 
enormous  thickness  of  beds,  on  the  basis  of  their  fossil  con- 
tents, but  this  is  not  a  matter  of  any  immediate  importance, 
and,  when  attained,  will  not  alter  our  views  of  the  general  suc- 
cession. 

It  would  be  out  of  place  to  deal  here  with  the  interesting 
types  of  igneous  rocks  which  occur  among  the  Karroo  sediments 
in  the  form  of  dykes,  sheets,  and  necks ;  but  it  seems  fitting  to 
refer  to  the  valuable  contribution  which  Cohen  has  made  to  our 
petrographical  knowledge  of  these  rocks,  for  it  is  to  him  that  we 
owe  our  earliest  and  still  most  extensive  series  of  papers  on 
South  African  petrography. 

NATAL    STRATIGRAPHY. 

Natal  geology  is  discussed  in  several  of  the  papers  already 
mentioned,  notably  those  of  Sutherland,  Griesbach,  and 
Schenck,  and  is  also  presented  on  the  1875  and  1887  maps  of 
Mr.  E.  J.  Dunn.  All  of  these  writers  naturally  made  compari- 
sons and  correlations  with  the  formations  of  the  Cape,  for  \o 

Feistmantel,  29,  p.  75.  •'  Seeley,  86.  ''  Seward,  89. 
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a  large  extent  Natal  and  Cape  Colony  are  geologically  alike, 
and  there  is  little  difficulty  in  instituting  reasonable  compari- 
sons. The  older  Natal  rocks,  however,  resemble  those  of  the 
Transvaal,  rather  than  those  of  the  Cape,  in  being,  so  far  as  yet 
known,  devoid  of  all  organic  remains,  and  there  is  accordingly 
some  difficulty  in  attaining  detailed  correlations. 

Mr.  William  Anders<m,  who  was  appointed  Government 
Geoh)gist  of  Natal  in  1898,  has  in  his  first  report^  dealt  with 
the  question,  and  rightly  refused,  for  the  time  at  least,  to  adopt 
a  close  correlation  of  the  Pro-Dwjka  sediments  of  Natal  with 
those  of  the  Cape,  preferring  to  refer  to  them  simply  as 
Palaeozoic  sandstones.  Mr.  Anderson  agrees  with  earlier 
writers  that  these  sandstones  rest  unconformably  on  the  granite 
and  metamorphic  rocks,  which,  he  states,  form  the  oldest  rocks 
of  this  part  of  South  Africa.  The  survey  which  Mr. 
Anderson  lias  already  made  of  the  Natal  rocks  has 
shown  him  tliat  there  is  not  only  the  uncon- 
formity beneath  tlie  Dwyka,  which  Sutherland  recognised,  but 
also  a  slighter  one  above  the  same  formation.  Tliis  brings 
the  Natal  glacial  conglomerate  into  line  with  that  of  northern 
Cape  Colony  and  the  Transvaal.  From  Mr.  Anderson's  re- 
searches the  age  of  the  Natal  coal  beds  appears  also  to  corre- 
spond to  that  of  the  Ecca  beds  of  the  Cape,  and  not  to  the  Storm- 
l>erg.  The  Stormberg  Series  is,  however,  well  developed  in  the 
Drakensbergen,  the  various  divisions  being  easily  recognisable 
through  the  Transkeian  Territories  into  Natal,  and  a  perfect 
correlation  with  the  typical  sequence  of  the  Cape  can  be 
accepted. 

The  Natal  coastal  cretaceous  rocks  are  dealt  with  in  the 
next  section. 

THE    COASTAL    CRETACEOUS    ROCKS. 

A  marked  geological  feature  in  South  Africa  is  the  com- 
parative absence  of  rocks,  corresponding  to  the  later  Secondary 
and  Tertiary  Systems  of  other  parts  of  the  world. 

The  recent  work  of  Mr.  A.  C.  Seward  on  the  flora  of  the 
Stormberg  Beds,  has  confirmed  Feistmantel's  determination  of 
these  as  Ithaetic.  Except,  therefore,  a  considerable  variety  of 
superficial  deposits — the  origin  of  some  of  which  certainly 
dates  back  to  Tertiary  times — we  have  no  rocks  other  than 
those  occurring,  over  comparatively  limited  areas,  at  Mossel 
Bay  and  the  neighbouring  inland  districts  of  Oudtshoorn  and 
Worcester,  at  l^itenhage,  and  on  the  Pondoland,  Natal,  and 
Zululand  Coasts,  to  represent  the  great  lapse  of  time  indicated 
by  the  Jurassie,  Cretaceous,  and  all  the  Tertiary  Systems  of 
other  parts  of  the  world. 

The  earliest  account  of  these  coastal  deposits  which  I  know, 
was  given  in  18-^7  by  Hausmann,2  who  described  a  suite  of 
fossils  sent  him  from  Enon  and  Uitenhage  by  a  Mr.  Hertzog. 

- 

'  Anderson,  2,  Hausmann,  45. 


162  Report— 1904. 

-V*  a  result  of  his  determination  of  the  fossils,  Hausmann  cor- 
related the  formation  with  the  Lower  Greensand  of  Europe. 

In  184*J,  and  again  more  comprehensively  in  1845,  Dr. 
Ferdinand  Krauss,^  of  Stuttgart,  gave  the  geological  results  of 
a  visit  he  had  made  to  the  eastern  portion  of  Cape  Colony, 
where  tliese  heds  occur.  He  also  said  that  the  rocks  "  probably 
belong  to  the  Lower  Greensand. *' 

Hain  described  the  beds  which  occur  near  Uitenhage,  and 
came  to  the  conclusion  tliat  they  had  more  of  an  "  oolitic  than 
a  liaHhic  cliaracter." - 

Sharpe,  who  described  the  secondary  fossils  collected  and 
Hcnt  home  bv  Bain  ajid  Atherstone,  stated  that  "  the  forms 
whi<rh  they  most  nearly  resemble  are  those  which  are  found  in 
the  middle  and  lower  part  of  the  Oolitic  Series.''  He  considered 
that  Hain  placed  the  beds  too  low  in  comparing  them  to  the 
LiaM,  but  Iv4;au8s'  view  that  they  were  Cretaceous  **  seemed  to 
re«t  on  Htill  weaker  grounds."^ 

The  ritenhage  Beds  were  described  and  classified  by  Dr. 
W.  ( I.  Atherstone*  in  1854,  and,  in  18(j7,  Ralph  Tate^  adopted 
AtherHtone*H  c'lassification  of  the  beds  in  his  description  of  a 
reprenentative  suite  of  their  fossils,  which  had  been  col- 
lHrt(»d  by  Drs.  Atherstone  and  Rubidge,  Messrs.  Longlands, 
llarviWf  wnd  Itock,  and  presented  to  the  London  Geological 
Soci<»ly. 

Tale  in  his  paper  introduced  the  name  **  Fitenhage  forma- 
tion," and  conchuh^d  **  that  the  fauna  of  the  strata  (Trigonia- 
'*  Im'(Ih)  ov(»rlying  tlie  plant-bearing  beds  of  Geelhoutboom 
*' preHcnts  a  decided  Oolitic  facies;  and,  although  few 
'*  species  are  common  to  tliese  South  African  strata  and 
**  the  Kuropean  Oolites,  yet  from  the  large  number  of 
**  speci<'8  in  these  strata  at  Titenhage  having  analogues  in 
'*  the  Lower  and  Middle  Oolites,  and  the  species  in  common 
*'  pointing  in  the  same  direction,  the  fossil  fauna  of  the 
*'  Sunday's  River  and  Zwartkop  River  limestones  repre- 
**  sents  that  of  the  Oolitic  rocks  of  Europe,  and  approxi- 
"  mates  to  that  of  the  Great  Oolite."*^ 

Stow,  in  his  usual  minute    careful  manner,  gave  in  1871 

an  account  of  the  "  Jurassic  Fonnatious."  "*  He  described  a  series 

of  sections  with   the  f«)ssil  contents  of  each  zone,  and  showed 

conclusively  that  there  is  great  variation    in    the    se(iuence    of 

beds  in  this  fornuition. 

In  a  paper  published  in  1881,  Xeumayr,  after  describing 
various  new  nudlusca  from  the  litenhage  formation,  and  re- 
viewing the  work  of  his  predec'cssors,  returned  to  the  view 
that  the  ritenhage  formation  is  Cretaceous,  and  placed  it 
parallel  with  the  Neot^oniian.  ^ 

I  KrausR,  51,  h%.  J  Bain,  6,  p,  185. 

•'  Sliaipe,  »1,  p.  202.  *  Atherstone,  h.  »  Tate,  104. 

«  Loc.  cit,  p.  167.  ■  Stow,  »7.  "  Holub  and  Neumayr,  47. 
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On  his  1887  map  Mr.  Dunn  shows  the  distribution  of  tliese 
beds,  under  the  name  '*  Enon  Conglomerate  and  Sunday  River 
Beds,  Jurassic,"  at  Worcester — their  most  westerly  occurrence — ■ 
at  Oudtshoorn,  Mossel  Bay,  and  Uitenhage. 

Mr.  R.  Bullen  Newton,  in  1896,^  describing  a  specimen  of 
Alectryonia  ungulata,  found  by  Mr.  David  Draper  at  Sofala, 
gave  a  critical  review  of  the  previous  descriptions  of  the 
Uitenhage  fossils,  and  concluded  that  these  were  of  Lower  Cre- 
taceous, or  Neocomian  species. 

During  the  first  years  of  the  Cape  survey  we  found  the 
Uitenhage  beds  well  represented  in  the  south-western  districts 
from  Worcester  to  Mossel  Bay.  Their  unconformable  relation 
to  the  older  rocks  was  everywhere  apparent — an  especially  fine 
section  being  afforded  at  Cape  St.  Blaize,  where  Enon  Beds  lie 
almost  horizontally  on  steeply  dipping  Table  Mountain  Sand- 
stone.2 

In  1899,  Mr.  Schwarz  made  the  interesting  discovery  that 
some  of  the  Enon  Beds  at  Knysna  contain  7 V/r/r? ///>;,•*  and,  in 
the  following  year,  he  and  Mr.  Rogers  mapped  a  considerable 
extent  of  the  formation  in  the  original  locality  around  Uiten- 
hage.4 

The  fossil  plants  collected  bv  Messrs.  Rogers  and  Schwarz, 
in  the  various  localities  mapped  by  them,  have  recently  been' 
described  by  Mr.  Seward,  and  as  a  result  he  has  confirmed  the 
earlier  determinations  of  the  age  of  the  series  as  Lower  Green- 
sand.'^ 

On  the  coast  of  Pondoland,  south-west  of  the  Umtamvuna 
River  mouth,  are  certain  outcrops  of  Cretaceous  rocks,  which 
have  been  known,  and  recognised  as  such,  since  1855.  The 
rocks  were  then  briefly  described  by  R.  J.  Garden,  whose  col- 
lection of  the  fossils  was  described  bv  W.  11.  Baily.  Garden 
states  that  the  rocks  were  discovered  by  II.  F.  Fynn  in  1824. 
Baily  concluded  that  the  Beds  were  probably  the  equivalent  of 
the  Upper  Greensand  of  England.^  The  next  de- 
scription of  these  beds  was  given  by  Mr.  Gries- 
bach,^  who,  in  addition  to  the  localities  where  Garden  found 
them,  also  mentions  the  "  bed  of  a  small  stream  flowing  into 
the  St.  Lucia  Bay,  in  the  Zulu  country. '"8  Griesbach  used  the 
somewhat  impossible  name,  **  Izinhluzabalungu  ''  beds  for  the 
Pondoland  occurrence,  this,  according  to  Captain  Garden,  being 
the  native  name — meaning  "  the  houses  of  the  white  men  *' — 
for  certain  caves  in  the  formation.  Griesbach  described  the  rocks 
as  lying  unconformably  on  the  Karroo  formation,  and  con- 
sidered that  there  were  five  distinct  fossil  zones.  Amcmg  the 
fossils  he  found  considerable  resemblance  to  those  occurring  in 
Indian  rocks  of  the  same  age.     Dunn,  on  his  1887  map,  shows 

J  Newton.  «4.  «  Report  Geol.  Com.  1898,  p.  18.  *  Scliwarz,  85. 

*  Rogers  and  Schwarz,  74.  ^  Seward,  89. 

•Garden,  80,  Baily,  4.  '  Giiesbadi,  85.  **  Loc  cif.  \\  Gl. 
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two  patches  of  these  rocks,  on  the  Poncloland  and  Natal  coasts^ 
Avhich  he  names  **  Unitamvoona  Beds/'  and  classifies  as  creta- 
ceous. In  1900  Messrs.  Rogers  and  Schwarz  described  the  Pondo- 
land  cretaceous  rocks.  They  found  that  there  had  been  con- 
siderable change  in  the  outcrops  of  these  rocks  since  Garden's 
and  Griesbach's  descriptions  :  instead  of  eight  hundred  yards  of 
caves  they  found,  that  the  lino  extended  for  a  mile  :  on  the  ex- 
treme end  of  the  left  bank  of  the  Umzamba  Kiver,  where  Garden 
had  found  the  fossiliferous  rocks,  thev  saw  only  sand.  Thev 
found  that  the  fossils  are  not  in  defined  zones  as  Griesbach  had 
tliought,  but  that  the  majority  of  the  species  are  distributed 
throughout  the  entire  thickness — onlj'  some  twenty  feet — of 
exposed  rock.  ^ 

In  the  first  report  of  the  geological  survey  of  Natal  and 
Zululand,  Mr.  Anderson  describes  the  cretaceous  rocks  from 
tliree  localities  in  Zululand  :  one  on  the  south  bank  of  the 
Tmfolosi  River,  close  to  Lake  Isitesa ;  another  on  the  Ilmsi- 
nene  River,  which  he  identifies  with  Griesbach's  St.  Lucia  Bay 
locality;  and  a  third  in  the  bed  of  a  stream,  "about  two  miles 
east  of  Crossly's  store,  Bombeni,  near  the  southern  end  of  the 
Lebombo  Range."  Mr.  Anderson  is  of  opinion  that  the  forma- 
tion is  much  more  largely  present  than  the  outcrops  indicate, 
but  is  hidden  by  the  overlying  sands.  He  made  a  collection  of 
the  fossils,  which  are  to  be  described  by  Mr.  R.  Etheridge, 
Jinir."- 

TR AX S V A AL    STR ATIG R APH Y. 

Turning  now  to  Transvaal  stratigraphy,  we  find  that  geo- 
logical inquiry  here  has  the  same  history  as  in  the  Cape 
Colony :  first  the  observations — sometimes  of  scientific  value, 
sometimes  purely  casual — of  the  passing  traveller;  then  the 
work  of  those  with  opportunity  for  more  thorough  study, 
whether  as  local  amateurs,  or  as  professional  visitors  to  some 
area  of  real  or  supposed  economic  value;  then  finally  the  sys- 
tematised  work  of  a  state  survey.  Controversy  over  the  larger 
questions  has  never  been  so  acute  as  in  Cape  ('olony,  but  as 
the  identity  or  non-identity  of  reefs  has  generally  been  the 
main  question  when  dispute  did  arise,  there  has  been  room 
for  much  difference  of  opinion,  with  a  corresponding 
difficulty  for  the  disputants  to  remain  coldly  scientific. 
The  geology  of  tlie  Cape  Colony  being  comparatively  well 
known  when  that  of  the  Transvaal  began  to  be  studied,  most 
writers  have  naturally  been  tempted  to  draw  comparisons  be- 
tween the  two  regions,  thus  unfortunately  producing  much 
confusion  and  but  little  scientific  result.  It  is,  of  course,  since 
1886  that  most  attention  has  been  given  to  Transvaal  geology; 
but  before  that  time  the  gold  fields  of  Lydenburg  and  De  Kaap, 
and  the  coal  deposits  of  the  southern  Transvaal,  had  given 
occasion  for  the  visits  of  such  men  as  Cohen  and  Penning,  who- 

*  Rogers  and  Schwarz,  75.  '^  Anderson,  2,  p.  47. 
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both  made  contributions  toward  the  elucidation  of  the  strati- 
graphical  problem. 

Of  the  earlier  travellers,  who  have  given  geological  infor- 
mation about  the  Transvaal,  I  may  mention  Mauch^  and 
Hubner. '^  Mauch  has  many  scattered  geological  observations 
throughout  the  story  of  his  wanderings;  and  Hiibner,  giving 
a  geological  sketch  of  his  route  from  Potchefstroom  to  Inyati 
and  then  north  to  Tati,  describes  chiefly  the  old  granite  and 
its  associated  rocks.  He  recognised  that  the  **  red  eruptive 
rock  of  the  Pilandsberg  "  was  younger  than  any  of  the  other 
rocks  which  he  saw.^ 

After  Hiibner,  Penning,  so  far  as  I  can  learn,  was  the 
next  to  attempt — if  only  partially — the  stratigraphical  problem. 
In  1884  and  1885,  he  read  two  papers  before  the  London  Geo- 
logical Society  dealing  respectively  with  the  "  High  Level  Coal- 
fields,'' and  the  **  Gold-fields  of  Lydenburg  and  De  Kaap.''  He 
<lescribed  the  coal  formation  as  resting  on  rocks  of  '*  probably 
Upper  Palaeozoic  age,  the  Megaliesberg  Beds."  To  the  sliales 
forming  tlie  lower  part  of  the  coal  formation  he  applied  the 
name  Kimberley  Beds."  * 

In  his  second  paper  Penning  gives,  for  the  district  with 
which  he  deals,  the  following  sequence : — ^ 

4.     High  Veldt  Beds  [=  the  coal  formation]. 

{Maf];aliesberg       Beds,       in- 
cluding the  dolomite,  which 
he  called  chalcedolitc]. 
2.     Silurian  ^  rocks. 

1.  Granitic  ^  rocks. 

E.  J.  Dunn,  on  his  map  of  1887,  to  a  much  greater  extent 
than  on  either  of  the  previous  editions,  presents  a  distribution 
of  the  rocks  of  the  Transvaal,  and  their  correlation  with  those 
of  (^ape  Colony,  but  in  both  respects  this  portion  of  the  map  has 
not  the  same  value  as  has  his  representation  of  the  geology  of 
the  latter  colony. 

Dr.  Schenck  discussed  Transvaal  stratigraphy  in  his  paper 
of  1888,^  and  to  a  less  extent  in  one  on  the  "  Occurrence  of 
gold  in  the  Transvmil  "  written  in  the  following  year."^  He 
classified  the  Transvaal  rocks  in  the  same  main  groups  as  those 
of  Cape  Colony,  namely  :  — 

').     Karrooformation. 

2.  Kapformation. 

1.  Siidafrikanische  Primiirformation. 
In  the  first  group  Schenck  placed  the  granite  and  gneiss  with 
his  "  Swasi  Beds,"  the  latter  including  the  clay-slates,  quartz- 
ites,  and  striped  magnetic  slates  near  the  base  of  the  Wit- 
watersrand  Series.  He  united  the  rocks  of  the  Magaliesberg 
with  those  of  the  Witwatersrand,  and  correlated  both  with  the 

»  Manch,  54.        *^  Hubner.  48.        ''  Loc.  cit.  p.  424,        •»  Penninjr.  67.  p.  6r>9. 
•  Penning,  68,  p.  570  et  seq.  «  Schenck,  80.  '  Schenck,  81, 
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Table  Mountain  Sandstone  and  Bokkeveld  Beds,  which  in  his 
opinion  where  equivalent  facies.  Schenck's  classification  of 
the  Transvaal  rocks  has  been  more  or  less  followed  by  subse- 
quent writers,  but  it  is  to  be  deprecated  that  his  correlations 
should  so  often  have  been  accepted  as  proved  facts,  when  they 
were  merely  reasonable  attempts  to  give  as  comprehensive  a 
view  of  the  geological  knowledge  of  sixteen  years  ago  as  was 
possible. 

Dr.  G.  A.  F.  Molengraaif  first  visited  South  Africa  in  1890 
in  which  year  he  had  published,  in  Dutch,  a  non-critical 
resume  of  the  then  existing  views  regarding  South  African 
stratigraphy.  ^  The  results  of  his  own  visit,  which  lasted  some 
two  m<mtli8,  were  briefly  given  in  a  lecture  to  the  Third  Con- 
gress of  Naturalists  and  Chemists  at  Utrecht,  in  1891,^  and 
three  years  later,  in  more  complete  form,  as  a  paper  in  the 
Neues  Jahrbiich.^  In  the  latter,  Dr.  Molengraaff  bases  his 
classification  on  that  of  Schenck,  but  gives  more  detail.  The 
lowest  Witwatersrand  Beds  are  separated  from  the  upper  as  the 
'*  Old  Schist  formation,*'  with  an  unconformity  above  and  be- 
low, and  to  this  series  the  magnetic  quartzites  and  slates  of  the 
Magaliesberg  are  assigned — a  grouping  which  Schenck  had  also 
given.  The  classification  given  in  this  paper  was  abandoned 
by  its  author,  when  later,  as  State  Geologist,  he  had  had  oppor- 
tunity for  more  extended  and  more  systematic  stratigraphical 
investigation. 

In  1891  Penning  made  a  further  addition  to  his  previous 
classification.  One  of  his  main  groups,  the  *'  Megaliesberg 
formation,  Permian,''  includes  the  Witwatersrand  Beds,  and 
his  *'*  Klipriver  Series,"  which  embraces  the  Black  Reef,  the 
Dolomite  (which  he  called  "Chalcedolite  "),  and  the  **  Megalies- 
bercr  quartzites."  He  recognised  that  the  only  formation  that 
could  be  approximately  classified  was  the  newest  of  all,  that 
which  in  1884  he  described  as  the  High-level  Coalfields  of  South 
Africa,  and  which  he  took  to  be  of  Oolitic  age.  In  his  1885 
paper,  Penning  speaks  of  an  unreliable  report  of  graptolites 
having  been  observed  in  his  "  Silurian  ? "  rocks,*  and  in  the 
1891  paper  he  states  that  he  believes  his  provisional  De  Kaap 
A^alley  Beds  **  to  be  of  Silurian  age,  although  there  is  no  fossil 
evidence  except  that  of  a  few  obscure  Corals."  ^ 

In  1894  Mr.  David  Draper  gave  a  geological  description  of 
south-eastern  Africa,®  including  the  colony  of  Natal,  Zululand 
and  Swazieland,  the  south-eastern  Transvaal,  and  the  eastern 
portion  of  the  Orange  Free  State  and  Basutoland.  The  bulk 
of  the  paper  gives  an  account  of  the  Karroo  Beds,  including 
the  Dwyka  Conglomerate,  which  the  author  inclined  to  believe 
showed  as  much  evidence  of  igneous  as  of  aqueous  origin. 
He  quotes  the  opinion  of  Dr.  MolengraaflF,  who  had  **  studied 

1  Molengraaff,  55  '^  Molenirraaff,  6C.  '  Molengraaff,  57. 

*  Penning,  Stf,  p,  452.  »  Penning,  68,  p.  571.  •  Draper,  19. 
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the  rock  both  in  situ  and  by  means  of  microscope  sections,"  to 
the  effect  that  it  is  "  a  volcanic  tuff  (a  probably  Permian  diabase 
tuff),  full  of  fragments  of  older  rocks."  ^  The  old  rocks  are 
described  as  "  Primary  Rocks/'  consisting  principally  of  Table 
Mountain  Sandstone  resting  unconformably  on  Malmesbury 
Schists,  the  latter  comprising  schists,  slates,  quartzites,  granite, 
and  gneiss.  The  general  classification  which  Mr.  Draper  gives 
is  interesting,  in  that  he  regards  the  Bokkeveld  Beds  as  wanting 
in  the  Transvaal,  but  he  indicates  their  position  as  being  under- 
neath the  "  Malmani  Limestone  (Dolomite)." 

Two  years  latere  Draper  gave  a  description,  classification, 
and  correlation  of  the  "  Primary  systems  of  South  Africa."  He 
amplifies  his  previous  sequence  by  the  insertion  of  the  Lyden- 
burg  Beds  (Dunn)  and  Swasi  Beds  (Schenck)  above  the  Malmes- 
bury Beds,  and  the  correlation,  suggested  by  Professor  Rupert 
Jones  in  a  foot-note  to  the  previous  paper,  of  the  Magaliesberg 
and  Gatsrand  quartzites  with  those  of  the  Zwarteberg  and 
Witteborg  of  the  Cape.  Mr.  Draper  places  a  slight  uncon- 
formity beneath  these,  another  beneath  the  dolomite,  and  a 
great  unconformity  beneath  the  Table  Mountain  Sandstone, 
with  which  he  correlates  the  Witwatersrand  conglomerate 
series. 

In  a  lecture  given  in  Lcmdon  in  the  same  j'ear,  1896,  Mr. 
Draper^  classified  the  older  Transvaal  rocks  thus,  from  above 
downward :  — 

,    rGats  Rand  Beds. 

'  \Dolomitic  limestone  with  Black  Reef  Quartzite. 

(Unconformity). 

{Quartzites  and  slates  with  I 
massive       conglomerate  VTable  Mountain  Sandstone, 
beds  interstratified.  J 

3.     Quartzites  and  shales  without  Conglomerate  beds. 
4     1  rNamaqualand  Schists. 

Archaean,    {granitic  rocks. 

In  1898  Dr.  F.  H.  Hatch  published  '[  A  Geological  Survey 
of  the  Witwatersrand  and  other  districts  in  the  southern 
Transvaal."^  In  his  classification  he  also  adopted  the  divisions 
introduced  by  Schenck:  1,  Archaean;  2,  Cape  System;  3,  Kar- 
roo System.  The  Archaean  system  comprises  the  granite  and 
the  crystalline  schists;  the  Cape  system  includes  five  series  of 
beds,  from  the  Hospital  Hill  Series  to  the  quartzites  of  the 
Magaliesberg  and  Gatsrand,  with  a  division,  into  upper  and 
lower,  between  the  Klipriversberg  Amygdaloid  and  the  Wit- 
watersrand Beds.  In  this  paper  Dr.  Hatch  confirms  Penning's 
oricrinal  and,  as  we  know,  correct  view  that  the  Magaliesberflr 
Beds  are  the  same  as  those  of  the  Gatsrand,  and  not,  as  Schenck 
and  Molengraaff  had  held,  identical  with  those  of  the  Wit- 
watersrand.    Dr.  Hatch's  paper  gives  a  clear  view  of  the  suc- 

» Draper,  he.  cit.  p.  555.        «  Draper,  20,        »  Draper,  21.        ^  Hatch,  4», 
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cession,  though  not  of  the  grouping,  as  we  now  accept  it.  The 
position  of  the  Klipriversherg  Amygdaloid  as  a  flow  unconform- 
ahly  heneath  the  Black  Beef  is  correctly  given,  though  at  that 
time  Dr.  Hatch  had  not  seen  evidence  to  prove  its  unconformity 
upon  the  Witwatersrand  Beds,  as  he  himself  has  since  pointed 
out.^ 

Dr.  Molengraaff  began  work  as  State  Geologist  of  the 
Transvaal  in  September,  1897,  and  his  first  report  gives  the 
results  of  his  work  for  the  remainder  of  the  year.2  lu  this 
first  official  publication,  a  **  preliminary  report  on  the  succes- 
sion of  the  formations  in  the  southern  half  of  the  South  Afri- 
can Republic  "  is  given.  The  author  adopts,  for  the  lowest 
sub-division,  the  name,  "  South  African  Primary  Formation  or 
Barberton  Formation,"  which  includes :  — 

"  1.     Granite  and  Schists. 

"  2.  Hospital  Hill  Series,  including  Hatch's  Hospital 
Series  and  Gibson's  lower  Quartzite  Group,  as  well 
as  a  large  portion  of  Schenck's  Swazi  Schists. 

**  3.  The  Witwatersrand  Series — the  exact  position  of 
which  in  the  general  system  has  not  yet  been  satisfac- 
torily determined."  ^ 

Dr.  Molengraaff  approved  of  Schenck's  term,  '*  Cape  Sys- 
tem," as  applied  to  the  Black  Reef,  Dolomite,  and  Magaliesberg 
or  Pretoria  Beds,  which  he  correlated  respectively  with  the 
Table  Mountain  Sandstone,  the  Bokkeveld  Beds,  and  the  Witte- 
berg  Beds  of  the  Cape.  In  this  report  the  Magaliesberg  lieds 
are  placed  in  the  position  to  which  Penning  and  Hatch  had  pre- 
viously assigned  them.  Of  the  Karroo  System  in  the  Trans- 
vaal, only  the  coal-bearing  sandstone  is  dealt  with,  and  that  is 
placed  parallel  with  the  Stormberg  Beds  of  the  Cape  Colony. 

The  second  and  last  report^  of  Dr.  Molengraufi'  as  Trans- 
vaal State  Geologist  gives  the  results  of  the  work  carried  out 
in  1898 — results  bearing  conspicuous  testimony  to  their 
author's  energy  and  enthusiasm.  In  this  report  the 
South  Afri(uin  Primary  System  is  given  virtually  as 
in  the  previous  report,  but  the  author  states  that 
absolute  certainty  regarding  the  relation  of  the  schists  to 
the  Barberton  Formation  has,  however,  not  been  established.  ^ 
The  Cape  System  is  enlarged  by  the  provisional  inclusion.^  in 
ascending  order,  of  two  hitherto  unrecognised  series,  the  *'  Red 
Granite"  and  the  **  Waterberg  Sandstone.''  This  *\Red 
Granite  "  had  generally  been  confused  with  the  *'  Old  Granite," 
though  Hiibner  recognised  that  the  red  rock  of  PilandslxMg  was 
much  youniifer  than  the  latter/' 

The  work  of  the  Transvaal  geological  survey  under  the 
republican  government  was  cut  short  in  1899  by  the  war,  but 
in  1901  Dr.  Molengraaff  published  the  results  of  his  previous 

1  Hatch,  it.  '^  Molengraaft,  5«.  •'  f^oc.  cit.  p.  123. 

Mol»»ngraaf!   59.  »  Molengraaft',  loc.  cit.,  p.  3.         "  Hiibner,  48,  p.  4*24. 
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work,  with  an  accompanying  map,  in  the  Bulletin  of  the  Geo- 
logical Society  of  France.^  This  is  the  most  comprehensive 
account  of  Transvaal  geology  which  we  at  present  have.  The 
sequence  given  in  it  does  not  present  any  essential  difference 
from  that  given  by  the  author  in  his  1898  report.  Dr.  Molen- 
graaff  takes  the  Barberton  Series,  of  which  the  Hospital  Hill 
and  Witwatersrand  Series  are  held  to  be  local  modifications, 
as  the  oldest  formation,  into  which  he  considers  the  old  granite 
to  be  intrusive.  The  "  Red  Granite,"  with  its  associated  norite 
and  porphyritic  rocks,  is  now  classified  as  the  "  Plutonic  Series 
of  the  Buflhveld,"  and  regarded  as  a  great  laccolite,  once  covered 
by  Waterberg  Sandstone,  instead  of  as  a  flow  intermediate  in 
age  to  the  Pretoria  and  Waterberg  Series. 

We  may  say  that,  thanks  to  the  work  of  the  many  geo- 
logists to  whom  I  have  referred,  and  especially  to  that  of 
Molengraaff  and  Hatch,  the  main  divisions  and  sequence  of 
the  Transvaal  rocks  have  been  made  out,  though  there  are  many 
questions  of  distribution  and  local  relationship  still  to  be 
solved.  The  period  which  has  elapsed  since  the  war  ceased  has  not 
been  unfruitful  in  geological  results,  as  the  Transactions  of  the 
Geological  Society  of  South  Africa  testify.  The  chief  strati- 
graphical  facts  which  have  been  brought  to  li^ht  during  tins 
period  are:  — 

(1.)  The  recognition  that  beneath  the  Black  Beef  Series 
we  have  an  extensive  formation,  resting  unconformably  on  the 
Witwatersrand  Bed^,  and  consisting,  not  only  of  the  well-known 
amygdaloids,  of  which  those  of  the  Klipriversberg  may  He 
taken  as  typical,  but  also  of  a  series  of  conglomerates,  grits, 
volcanic  breccias,  tufas,  and  banded  cherts. 

(2.)  The  fact  that  the  Witwatersrand  Beds  are  not  older 
than,  but  rest  uncomformably  upon,  the  old  granite,  has  been 
again  insisted  upon.  This  is  a  return  to  the  view  held  by  Gib- 
son,3  Hatch,*  and  Penning,^  which,  however,  has  been  latterly 
replaced  by  the  opinion,  urged  ehieflj^  by  Dr.  Molengraaff,  that 
the  granite  is  intrusive  in  certain  schists  held  to  be  part  of  the 
Witwatersrand  Series. 

(3.)  The  discovery  that  tlie  Waterberg  Sandstone  is  not 
conformable  to  the  older  underlying  rocks,  has  been  made 
by  several  workers  independently  in  different  localities.  Mr. 
Dorffel  has  already  published  the  fact  as  an  inference  from  the 
position  of  the  cobaflt  lodes  in  the  Balmoral  District;^  Mr.  E. 
Jorissen  found  the  Waterberg  Sandstone  resting  unconform- 
ably on  Pt^toria  Beds  in  the  Rustenburg  District;  Mr.  E.  T. 
Meilor  found  the  same  relationship  near  Pretoria ;  and  I  myself 
found  the  Waterberg  conglomerates  and  quartzites  resting 
directly  on  the  old  granite,  on  the  northern  and  southern  slopes 
of  the  Zoutpaasberg.^ 

>  Molenffraaflf,  61.         « Hatch,  48;  MolengraaflF,  68;  Corstorphine,  14. 
*  OiWm  91.  *  Hatch,  «•  '  Penning,  Wa        «  Doi-ffel,  1 7w 

'  Since  th§  abeve  wa«  written  the  observations  of  Messrs.  Jonssen  and  McHor 
have  been  published  in  the  Trans,  of  the  Geol.  Soc  of  South  Africa,  Vol.  VIL 
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Most  promising^  of  all  for  the  systematic  investigation  of 
the  many  interesting  geological  problems  of  this  country,  the 
survey  has  been  re-established,  and  we  look  forward  with  in- 
terest, and  with  the  certainty  of  valuable  result,  to  the  first 
annual  report  which  the  Director,  Mr.  Kynaston,  will  shortly 
present  to  the  government. 

THE  CORRELATION  OF  THE  FORMATIONS  IN  THE  SEVERAL 

COLONIES. 

The  main  stratigraphical  question  now  awaiting  solution 
in  South  Africa  is  the  correlation  of  the  formations  in  the 
various  colonies.  It  is  not  a  problem  to  which  a  definite 
answer  can  be  immediately  given ;  we  are  not  yet  able  to  do 
much  more  than  formulate  reasonable  working  hypotheses^  or, 
in  some  instances,  simply  to  state  the  case.  We  are  dealing 
with  an  enormous  area  of  country,  and  are  bound  to  recognise 
that  we  are  not  j^et  justified  in  assuming  that  we  know  all  the 
formations  present  in  South  Africa.  Even  if  we  could  assume 
this,  it  is  probable  that  definite  correlations  would  not,  as  re- 
gards some  of  the  groups,  be  possible,  and  that  we  must  wait 
till  they  are  virtually  joined  up  by  actual  survey. 

The  absence  of  fossils  throughout  the  greater  portion  of 
the  sedimentary  rocks  of  South  Africa  is  a  striking  feature,  not 
easily  explicable.  It  renders  correlation,  not  only  with  foreign 
strata,  but  even  between  the  individual  members  of  the 
sequence  in  the  various  portions  of  this  country,  extremely 
difficult.  So  far  as  I  know,  the  records  of  fossils  from  the 
Pre-Karroo  rocks,  outside  of  Cape  Colony,  are  limited  to  the 
casual  remarks  of  Penning  which  I  have  already  quoted  (see 
p.  166) ;  the  observation  by  Professor  Cohen  that,  on  the 
weathered  surface  of  the  dolomite  near  the  Makwassi  Spruit, 
between  Klerksdorp  and  Potchefstroom,  he  found  impressions 
of  crinoids,  and  of  brachiopoda  resembling  Orthis  and  Cho- 
vetes;  ^  the  statement  by  Griesbach  that  in  a  soft  shale  band  in 
the  Table  Mountain  Sandstone  of  the  Krantzkop,  Natal,  he 
found  some  bivalves  and  a  finely  striated  PnteUa.  both  too  in- 
distinct for  determination  ;  -  and  the  discovery  of  indeterminate 
crinoid  atoms  in  the  Waterberg  sandstone  of  the  Palala  Plat- 
eau by  Dr.  Molengraaff.  •* 

In  attempting  correlations  we  have  therefore  to  fall  back 
upon  the  least  valid  basis  petrographical  resemblance.  If 
this  were  combined  with  a  general  parallelism  in  the  sequence 
of  the  rocks  in  the  various  areas,  it  could  be  regarded  as  of  the 
more  value.  Often,  however,  we  have,  in  the  present  state  of 
our  knowledge,  to  try  to  correlate  widely  separated  exposures 
of  rocks,  with  many  unconformities,  and  conaenuently  varying 
relationships.  Petrocrraphical  resemblances  then  prove  an  in- 
sufficient basis  for  definite  correlation.  In  dealing  with  several 
of  the  diver<yent  groups  of  the  old  rocks  in  separate  localities, 

»  Cohen,  ill  Dahnis,  12,  p.  IIP.  ^  Griesbacli,  S5,  p.  % 

»  Molengraaff.  61,  p.  65. 


Stratigrai'hical  Investigation  in  South  Africa.     171 

all  we  can  with  certainty  say  of  them  is,  that  they  are  of  Pre- 
KaiToo  age. 

The  difficulty  begins  with  the  granites.  On  the  south  we 
have  granite  intrusive  in  the  Malmesbury  slates;  on  the  north 
there  is  no  definite  evidence  forthcoming,  with  the  possible  ex- 
ception of  the  Vredefort  granite  mass,  that  the  granite  is  in- 
trusive in  any  of  the  rocks  now  exposed.  The  various  descrip- 
tions of  Namaqualand,  Bushmanland,  Bechuanaland,  and 
Rhodesia,  all  agree  with  what  I  have  myself  seen  in  the 
northern,  as  well  as  in  the  southern  and  eastern,  Transvaal, 
where  the  granite  is  the  basement  rock  on  which  the  other  for- 
mations--in  the  Transvaal,  Witwatersrand  Series,  Black  Reef 
Series,  Waterberg  Sandstone,  and  Karroo  System — rest  un- 
conformably. 

Many  descriptions  have  been  given  of  gneisses  and  schists 
into  which  the  granite  is  intrusive.  The  gneisses  which  I  have 
seen  throughout  the  Transvaal  are  banded  or  sheared  portions 
of  the  granite;  while  the  schists  are,  in  some  cases,  aplitic  or 
micaceous  zones;  in  others,  marginal  differentiations;  and,  in 
others,  sheared  basic  intrusions.  In  fact,  in  localities 
whence  such  rocks  have  been  recorded,  I  found  no  gneisses  and 
schists  older  than  the  granite,  which  has  been  supposed  to  have 
intruded  into  them,  but  the  rocks  so  described  are  simply  varia- 
tions of  the  granite,  due  partly  to  magmatic  differentiation, 
and  partly  to  original  movements  during  the  unequal  solidifica- 
tion of  the  mass,  or  they  are  foreign  intrusive  rocks,  of  later 
age  than  the  granite,  rendered  slaty  or  schistose  by  the  subse- 
quent earth -movements  that  have  affected  the  whole  region. 
The  northern  granite  appears  to  me  as  if  it  were  the  basal  por- 
tion of  some  great  igneous  mass,  which  may  at  one  time  have 
had  an  intrusive  relationship  with  some  mass  of  stratified  rock, 
which  was  older  than  the  Witwatersrand  Series  but  which  has 
not  yet  been  definitely  recognised,  if  indeed  it  be  discoverable, 
owing  to  the  extensive  denudation  which  it  has  undergone,  and 
to  the  possibility  that  its  remnants  may  be  covered  by  more 
recent  formations.  That  the  granite  is  very  old,  and  had  been 
submerged  a^ain  and  again,  is  shown  by  the  fact  that  it  is 
overlain  unconformably  by  beds  varying  in  age  from  the  early 
Witwatersrand  Series  down  to  the  beds  of  the  Karroo  System. 

The  correlation  of  the  Witwatersrand  Series  with  any  of 
the  Cape  rocks  is  still  very  uncertain.  The  most  favoured  view 
is  that  the  auriferous  conglomerates,  with  their  associated 
slates  and  quartzites,  are  of  the  same  age  as  the  Table  Moun- 
tain Series.  The  petrographical  characters  of  the  quartzites 
and  conglomerates  in  the  latter  formation — if  one  could  place 
much  reliance  on  mere  resemblances  among  quartzites,  or  even 
conglomerates — are  in  some  parts  of  Cape  Colony  very  like 
those  of  the  bed»  of  the  Witwatersrand  Series.  The  similar 
relation  of  the  Witwatersrand  Series  and  the  Table  Mountain 
Series  to  the  underlying  granites,  might  be  adduced  as  another 
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argument,  but  that  assumes  the  correlation  of  the  granites^ 
which  is  not  at  present  warranted.  Besides,  the  Black 
Reef — often  petrographically  not  unlike  Table  Mountain  Sand- 
stone— rests  unconformably  on  the  granite,  and  might  there- 
fore on  these  same  grounds  have  a  claim  to  be  regarded  as  cor- 
relative with  the  great  quartzite  group  of  the  south. 

The  Table  Mountain  Series  of  the  Cape  is  practically  a 
quartzite  series,  and  it  contains  none  of  the  varieties  of  striped 
ferruginous  slates,  so  characteristic  of  the  Witwatersrand  Series 
in  the  northern  colonies.  The  persistence  of  such  beds  as  the 
contorted  Hospital  Hill  Slate  tnroughout  the  Transvaal,  and 
even  in  Rhodesia  and  the  Orange  River  Colony,  suggests  that 
their  absence  on  the  south  is  a  weakness  in  the  correlation, 
which  is  based  on  petrographical  similarity  between  the 
quartzites.  One  may,  of  course,  say  that  the  absence  of  such 
slates  is  not  a  suflScient  basis  for  rejecting  the  correlation,  but 
the  persistence  of  petrographical  features  is  one  of  the  notable 
peculiarities  of  the  South  African  strata,  and  leads  one  to 
expect  a  lithological  resemblance  throughout  the  two  series 
if  tliey  are  the  same,  while  the  fact  that  the  northern  strata 
are  similar  throughout  their  extent,  and  the  southern  through- 
out theirs,  but  each  petrographically  dissimilar  as  a  series  to 
the  other,  makes  me  prefer  to  regard  the  question  as  still  open. 

Unconformably  above  the  Witwatersrand  Beds  lies  what 
is  in  the  main  a  volcanic  series,  with,  however,  numerous  sedi- 
ments, in  the  western  Transvaal  especially,  forming  part  of  it.  ^ 
This  volcanic  series  continues  along  the  valley  of  the  Vaal  into 
northern  Cape  Colony,  but  unfortunately,  where  it  is  known  in 
the  latter  Colony,  we  have  none  of  the  typical  Cape  series  of 
the  south  recognisable,  so  that  the    volcanic    series    does    not 
afford  much  assistance  in  the  main    difficulty    caused   by    the 
divergent  characters  of  the  old  rocks  of  the  north  and  the  south 
of  Cape  Colony.     The  recognition  of  the  existence  of  such  a 
series  has,  moreover,  raised  the  question  of  the  correctness  of 
the  identification  of  several    supposed   occurrences   of   Dwyka 
Conglomerate  -notably  that  at  Maf eking.     Dr.  Hatch  recently 
visited  the  country  near  there,  and  found  undoubted  boulder 
beds  of  the  same  nature  as  those  which  he  described  associated 
with  the  volcanic  series  at  Ventersdorp.'^    The  rocks  at  Mafeking 
are  described  by  Dr.  S.  Passar^e^  in  a  recent  important  con- 
tribution to  our  knowledge  of  British  Bechuanaland — the  only 
geological  descripti^m  of  that  territory  which  I  know — and  ho 
only    with    apparent    hesitation     decides    to    agree    with    pre- 
vious determinations  that  the  conglomerate  is  Dwyka.       His 
description  of  its  association  with  amygdaloids    points    to    the 
reasonableness  of  his  hesitation,    for    after    Dr.    Hatch's    re- 

'  HaUli,  44;  CorPtorphine,  14. 

^  These  oWrvationK  have  since  been  published  in  a  jiaper  entitled,   "  The* 
Geolopv  of  the  Marico  Di«trict."    Trans.  Geol.  Sec.  8.  Africa,  VII.,  p.  1.,  1904, 
^  Paasarge,  66. 
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searches  tliere  is  little  doubt  that  we  are  not  dealing  here  with 
Dwyka  at  all,  but  with  a  facies  of  the  volcanic  series  petro- 
graphically  resembling  that  rock. 

The  rocks  immediately  above  this  volcanic  series,  namely, 
the  Black  Reef,  the  Dolomite,  and  the  Pretoria  Series,  form  a 
well-marked  stratigraphical  group,  passing  conformably  up- 
wards, but  showing  a  marked  break  at  the  base  of  the  Black 
Keef  Series,  which  sometimes  rests  directly  upon  the  old 
granite.  To  this  group  the  term  Cape  System  has  latterly  been 
restricted,  but  it  would  be  much  better  were  this  name  left  out 
of  Transvaal  geological  nomenclature  entirely,  as  it  assumes  a 
correlation  for  which  little  basis  exists.  Dr.  MolengraafE,  in 
his  first  report  as  State  Geologist,  thought  the  three-fold  divi- 
sion a  good  reason  for  suggesting  a  parallelism  with  the  Table 
Mountain,  Bokkeveld,  and  Witteberg  Series;^  but  in  1899, 
after  we  had  made  a  joint  tour  in  the  Cape  Cohmy  and  the  Trans- 
vaal, we  concluded  that  the  most  one  could  say  was,  that  pro- 
bably as  a  whole  the  Black  Keef,  the  Dolomite,  and  the  Pre- 
toria Series  corresponded  to  the  Cape  System  of  the  south,  but 
tliat  the  correlation  in  detail  was  not  warranted.  This  conclu- 
sion was  published  by  Dr.  MolengraafE  in  a  letter  to  the  editors 
of  the  Neues  Jahrbuch  in  1900.^ 

The  difficulty,  of  course,  lies  in  accepting  a  mere  broad 
petrographical  division  into  three  series,  as  equivalent  to  the 
distinctness  which  the  fossiliferous  Bokkeveld  Beds  give  to 
the  three-fold  division  of  the  Cape  System,  in  the  southern 
colony.  On  the  other  hand,  if  Cohen's  determination  of  the 
fossils,  which  he  found  in  the  dolomite  of  the  western  Trans- 
vaal, can  be  supported  by  further  finds  of  distinctive  species, 
there  may  be  some  reason  for  considering  the  dolomite  as 
being  more  or  less  of  the  same  age  as  the  Bokkeveld  Series. 

We  need  have  no  hesitation  in  accepting  the  Transvaal 
dolomite  as  on  the  same  horizon  as  that  oi  the  Campbell  Rand, 
for  the  continuity  has  been  practically  proven.  This  forces  us 
to  regard  the  Keis  Series  and  the  Black  Reef  as  equivalent,  and 
the  Griquatown  and  the  Pretoria  Series  as  the  same.  The 
unconformable  relationship  of  the  Keis  and  Black  Reef  Series 
to  the  granite,  and  the  petrographical  resemblances  of  the 
Gri(|uatown  and  Pretoria  Series  are  additional  facts  supporting 
this  view.  Unfortunately  this  brings  us  no  nearer  to  the  dis- 
covery of  the  relationship  of  these  strata  with  the  beds  of 
southern  Cape  Colony,  for,  as  I  have  pointed  out,  none  of  the 
typical  southern  rocks  are  known  on  the  north. 

The  Plutonic  Series  of  the  Bush  veld  may  have  representa- 
tives in  some  of  the  igneous  rocks  on  the  north  of  Cape  Colony, 
which  so  far  have  been  only  partially  described.  The 
Waterberg  Sandstone,  now  known  to  be  unconformable 
to     the     Pretoria     Beds,     probably     finds     its     parallel     in 


Molengraaff,  58.  '^  Molengraaff,  fiO. 
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Stow's  Matsap  Series  of  Griqualand  West.  When  Dr. 
Molengraaff,  in  bis  1898  report,  described  tbe  two  fore- 
going as  distinctive  series,  be  tbougbt  tbey  migbt  be 
regarded  as  two  new  members  of  tbe  Cape  System  (see  p.  168) 
not  bitberto  recognised,  and  perbaps  not  existing  in  tbe  Cape 
Colony,  a  view  retained  in  bis  Frencb  paper.  If,  bowever, 
tbere  is  ground,  from  tbeir  relative  positions  to  tbe  underlying 
series,  for  assuming  tbe  correlation  of  tbe  Waterberg  Sand- 
stone and  tbe  Matsap  Series,  tbere  is  no  reason  to  regard  eitbor 
of  tbese  as  occupying  a  position  intermediate  to  tbe  Witteberg 
and  Ecca  Series  of  tbe  ('ape.  It  is  true  tbat  in  tbe  Transvaal 
tbe  Dwyka  conglomerate  is  tbe  formation  next  in  age  to  tbe 
Waterberg  Series,  but  tbe  unconformity  beneatb  tbe  Dwvka 
on  tbe  nortb  is  so  great  tbat  we  cannot  infer  tbat  tbe  youngest 
rocks  found  underneatb  it  tbere,  sbould  be  correlated  witb  those 
conformably  below  it  on  tbe  south  of  Cape  Colony. 

Tbe  differences  which  exist  between  tbe  rocks  of  the 
northern  and  southern  portions  of  tbe  region  considered  in  this 
paper,  point  distinctly  to  a  different  geological  history  for  nortb 
and  south.  It  is  certain  that  the  northern  area 
was  a  land  surface,  at  different  intervals,  while  the  southern 
was  under  tbe  sea,  and  it  may  therefore  be  impossible,  owing 
to  tbe  absence  of  fossils  and  the  presence  of  many  gaps  in  tbe 
series,  to  correlate  witb  accuracy  tbe  rocks  in  question. 
Penning  was  not  far  wrong  when,  in  1891,  he  said  tbe  only 
northern  formation  which  could  be  classified — though  bis 
classification  was  incorrect — was  tbe  coal  formation.  Definite 
correlation  witb  tbe  Cape  rocks  first  became  possible  when  it 
was  discovered  by  Bergratb  Schnieisser,^  in  1893,  that  the 
fossil  plants  in  tbe  Transvaal  coal  measures  correspond  to  those 
of  tbe  Ecca  Beds  of  tbe  Cape — a  discovery*  amply  confirmed  by 
tbe  comprehensive  work  of  Seward  on  tbe  South  African  fossil 
floras,  as  well  as  by  tbat  of  Zeiller,-  — and  tbat,  therefore,  tbe 
breccia,  which  bad  been  mentioned  by  Sawyer  and  others  as 
occurring  at  tbe  base  of  tbe  coal  formation,  corresponds  to  tbe 
Dwyka  Conglomerate  of  tbe  south.  ^  This  was  an  important 
stratigrapbical  advance,  and  it  gave  a  unity  formerly  lacking 
in  South  African  geology.  Further  confirmation  of 
Scbmeisser's  important  correlation  was  made  in  1897 
by  Dr.  Molengraaff 's  discovery  of  unmistakable  evi- 
dence, in  tbe  Vrybeid  district,  tbat  tbe  Transvaal  Dwyka 
Conglomerate  is  a  true  ground-moraine,  lying  at  tbe  base  of  the 
Ecca  shales. 

Transvaal  geology — except  for  superficial  deposits — ends 
witb  tbe  Ecca  Series,  which  Mr.  Seward's  determination  of  the 
Vereeniging  and   Cape   plants*    now  enables   us   to   regard   as 


»  Scbmeisser,  84,  p.  67.  '^  Zeiller,  10ft. 

•''  For  a  complete  discussion  of  this  important  correlation   see  the  Ann.  Rep. 
Geol.  Com.  for  1899,  or  The  Soot.  Geo^rr.  Mag.,  Vol.  XVII.,  p.  57. 

*  Seward,  87,  88,  89. 
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equivalent  to  the  late  Carboniferous  of  other  parts  of  the 
world.  It  is  obvious,  therefore,  that  the  interior  of  South 
Africa  has  been  a  land  area  since  the  close  of  Palaeozoic  times. 
The  surface,  as  we  know  it,  is  the  product  of  nature's  denuding 
forces  throughout  a  period  whose  determination  in  years  would 
convey  little  to  the  human  mind.  No  part  of  the  world  probably 
shows  better  illustrations  of  the  result  of  long-continued  de- 
nudation than  does  South  Africa,  which,  if  young  in  civilised 
history,  is  a  countrj-  whose  physical  features  are  of  no  mean 
age. 

The  many  interesting  inferences  as  to  the  past  physical 
geography  of  this  region,  to  which  the  knowledfire  of  its  strati- 
graphy leads,  is  a  fascinating  problem  which  I  cannot  here  enter 
upon,  but,  with  the  solution  of  the  economic  questions  involved 
in  stratigraphical  research,  its  answer  should  be  the  chief  out- 
come of  our  labours. 

I  have  in  conclusion  to  apologise  to  my  fellow  members 
for  the  many  imperfections  of  the  foregoing  sketch,  imperfec- 
tions of  which  no  one  is  more  cognisant  than  myself,  but  when 
much  of  one's  time  is  spent  in  travelling,  it  is  not  easy  to 
attain  the  quietude  essential  to  study,  and  so  necessary  for 
completeness  in  a  review  such  as  I  have  tried  to  give.  Then* 
is  besides  the  great  difficulty — soon,  however,  thanks  io  the 
Seymour  Memorial  Library,  to  be  removed — of  obtaining  in 
this  town,  or  even  in  South  Africa,  the  necessary  serial  scienti- 
fic literature.  The  dearth  of  journals  and  periodicals  makes 
it  impossible  for  one  writing  here,  to  do  justice  to  all  who  have 
tried  to  unravel  the  interesting  problem  of  South  African 
stratigraphy. 

I  hope,  however,  that  I  have  said  somethincr  to  appeal  to 
the  many  members  of  this  Association  who  find  their  private 
pleasure  in  matters  scientific.  It  should  be  stimulating  to  all 
such  to  know  that  the  men  who  did  the  earliest,  and,  I  may 
rightly  say,  some  of  the  most  valuable  work  in  South  African 
geology,  were  not  distinguished  professional  visitors,  but 
amateurs,  in  the  true  sense  of  the  term.  The  four  early 
workers.  Bain,  Atherstone,  Sutherland,  and  Stow,  whose  names 
are  familiar  to  all  interested  in  South  African  geology,  had 
to  teach  themselves,  had  in  the  main  to  make  their  own  oppor- 
tunities for  geological  investigation,  and  this  with  little  encour- 
agement from  their  fellow  colonists,  for  Bain  once  wrote  that 
liis  chief  joy  in  the  comparatively  rich  reward  which  his  work 
brought  him  from  home,  lay  in  the  fact  that  no  one  could  say 
he  had  wasted  his  time,  or  devoted  to  a  useless  science,  energies 
which  should  have  been  employed  in  the  service  of  his  family. 
It  is  no  small  tribute  to  the  private  worker  that  the  ground- 
work of  all  South  African  geology  should  have  been  laid  by 
one,  that  the  unhesitating  determination    of   the    mineral    to 
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wliirh  South  Africa  owes  its  entrance  into  the  world  of  indus- 
try,  siiould  have  been  made  by  another,  and  that  the  true  ex- 
planation of  the  origin  of  one  of  the  most  puzzling  rocks  in 
the  world,  should  have  been  made  by  a  third. 

It  must  be  plain  to  everyone  that  the  end  of  the  story  is 
still  far  from  reached,  and  that  there  is  work  in  abundance^ 
for  all  of  us  who  find  pleasure  in  reading  "  Nature's  infinite 
book  of  secrecy.''  We  may  hope,  therefore,  that,  with  the 
encouragement  of  the  South  African  Association  for  the  Ad- 
vancement of  Science,  other  Bains  and  Stows  will  arise,  whose 
work  will  bring  them,  not  the  scanty  sympathy  and  financial 
distress  which  fell  to  the  lot  of  the  first  Stow,  but  a  full  South 
African  measure  of  that  generous  recognition  which,  from 
across  the  sea,  gladdened  the  life  of  Andrew  Oeddes  Bain. 
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The  appended  chart  presents  in  tabular  form  some  of  the 
many  views  of  the  sequence  of  South  African  rocks,  and,  as  far 
as  possible,  the  correlations  which  have  been  suggested  by  the 
authors  to  whom  I  have  mainly  referred. 


13— THE  GEOLOGICAL  FEATURES  OF  THE  DIAMOND 
PIPES    OF    THE    PRETORIA    DISTRICT. 

By  Herbert  Kyxaston,  B.A.,  F.G.S.,  Director  of  the 
Transvaal  Geological  Survey,  and  A.  L.  Hall,  Second 
Field  Geologist. 

(Plates  YII.  &  YIII.) 

INTRODUCTORY'. 

In  the  following  communication  we  propose  to  give  some 
account  of  the  geological  features  of  the  Pretoria  District 
diamond  pipes,  with  a  general  sketch  of  the  structure  of  the 
surrounding  area.  We  propose  to  describe  only  those  dia- 
mondiferous  pipes  or  vents,  where  mining  operations  are  at  pre- 
sent being  carried  on.  We  shall  not  concern  ourselves  with 
mining  matters  or  statistics,  but  shall  treat  the  matter  from  a 
purely  geological  point  of  view. 

The  material  of  the  paper  is  the  result  of  work  done  by 
us  in  the  course  of  our  official  duties  on  the  Geological  Survey 
during  the  latter  part  of  last  year.  We  are  indebted  for  some 
of  our  information  to  the  managers  and  other  officials  of  the 
various  mines  visited,  and  we  would  take  this  opportunitv  of 
thanking  these  gentlemen  for  their  courtesy  and  assistance. 

AREA   AND    SITUATION. 

The  area  occupied  by  the  Diamond  Fields  is  a  somewhat 
difficult  one  to  define,  as  our  present  knowledge  as  to  the 
number  and  distribution  of  the  pipes  can  hardly  be  said  to  be 
final.  But  leaving  future  development  out  of  consideration, 
we  may  saj*  that  they  consist  of  a  group  of  diamondiferous 
pipes  situated  on  the  elevated  ground  which  forms  the  water- 
shed between  the  Pienaars  and  Elands  rivers. 

The  accompanying  map  (see  Fig.  1)  shows  the 
situation  of  this  group  of  pipes,  and  it  will  be  ob- 
served that  they  are  arranged  roughly  in  a  line  run- 
ning nearly  due  north  and  south.  The  most  northerly 
and  most  important  of  the  diamond  pipes  is  the 
Premier  pipe,  situated  on  the  farm  Elandsfontein  (85),  about 
7  miles  N.  of  Van  der  Merwe  and  22  miles  from  Pretoria.  A 
short  distance  to  the  west  of  the  Premier  Mine  lie  the  alluvial 
workings  of  the  Pretoria  District  and  Beynespoort  Companies. 
Further  south,  on  the  boundary  between  the  farms  Vryneb 
(74)  and  Kooikopjes  (209),  we  have  the  recently  discovered 
Montrose  pipe,  about  2 J  miles  N.E.  of  Van  der  Merwe;  and 
passing  to  the  south  of  the  railway  line  we  find  the  Schuller 
and  Kaalfontein  Mines,  about  2  miles  S.E.  of  Van  der  Merwe, 
and  on  the  boundary  between  the  farms  Rietfontein  (501)  and 
Kaalfontein  (402).  Quite  recently  another  pipe  has  been  found 
on  the  farm  Zondcrwater  (173),  but  this  we  haA'e  not  yet  been 
iible  to  examine. 


Pretohia  Diamond  Pipes.  183 

gen'gsal  geological  structure  of  the  diamond  fields. 
We  will  now  glance  briefly  at  the  general  geological  struc- 
ture of  the  area  in  whlcL  tlie  dianionil  pipes  aie  situated. 


Fijr    I.     SkeU'li  Mik])of  DiHiiinnd  Arei 


The  area  represented  upon  the  accompanying  map 
(see  Fig.  1)  is  mainly  occupied  by  some  (if  the 
uppermost  quartKitea,  shales,  and  sheets  of  diabase,  of 
the  Pretoria  Series.  On  the  eaaterii  margin  of  the 
map  are  seen  some  small  patches,  mainly  consisting 
of  purplish  and  red  sandstones,  belonging  to  the  Wa tor- 
berg  formation.  Those  are  portions  of  far  more  extensive 
masses,  covering  considerable  areas  to  the  north  and  east. 

By  the  Pretoria  series  is  meant  that  formation  which  lies 
between  the  Dolomite  and  tlie  Waterbcrg  sandstone,  and  which 
was  assigned  by  Dr.  G.  A.  1'.  Molengraaff  to  one  of  the  uppei 
divisions  of  his  Cape  System,  or  rather  Transvaal  System,  as 
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he  has  more  recently  proposed  to  call  it.*  This  system  com- 
prises, in  ascending  order,  the  Black  Reef,  the  Dolomite,  the 
Pretoria  Series,  and  the  Waterberg  Sandstone.  The  Pretoria 
series  is  essentially  a  quartzite  and  shale  series,  with  numerous 
intrusive  sheets  of  diabase  and  other  allied  igneous  i^ocks.  In 
its  lower  portion,  so  far  at  least  as  the  Pretoria  District  is 
concerned,  shales  and  slaty  rocks  predominate  over  guartzites, 
while  the  upper  beds  are  mainly  composed  of  quartzites.  The 
series  has  been  well  described  by  Dr.  Molengraan  in  his  Memoir 
on  the  Geology  of  the  Transvaal,  published  by  the  Geological 
Society  of  France  in  1901. t  We  shall  confine  ourselves  here 
to  a  brief  description  of  its  chief  characters  as  seen  in  the  dia- 
mondiferous  district. 

In  the  south-west  corner  of  the  map  we  have  the  main 
quartzite  of  the  Magaliesberg  range,  a  continuation  of  the 
same  quartzite  which  is  so  well  seen  immediately  to  the  north 
of  Pretoria  at  Wonderboom  Poort.  Here,  however,  the 
quartzites,  instead  of  striking  across  country  in  an  east  and 
west  direction  as  they  do  to  the  north  of  Pretoria,  have  been 
bent  round  bv  earth  movements,  so  that  thev  have  assumed  a 
general  north-west  and  south-east  trend.  This  change  of  trend 
commences  on  the  east  side  of  Franspoort,  a  few  miles  beyond 
the  west  margin  of  the  map,  and  at  Pienaarspoort  plenty  of 
evidence  of  movement  may  be  seen,  the  beds  being  considerably 
disturbed  and  traversed  by  small  faults,  causing  repetition  of 
outcrop,  change  of  dip,  etc.  There  is  no  doubt  that  the  move- 
ments affecting  the  Pretoria  series  were  accompanied  by  con- 
siderable faulting.  The  actual  lines  of  dislocation,  however, 
are  difficult  to  pick  out,  owing  to  the  uniform  character  of  the 
beds  over  considerable  areas,  and  the  frequent  occurrence  of 
superficial  deposits  concealing  the  behaviour  of  the  rocks  be- 
neath. In  the  case,  however,  of  comparativelv  thin  beds  of 
quartzite  cropping  out  in  areas  of  shale,  the  faulting,  of  course, 
is  much  more  easily  detected,  and  beautiful  examples  associ- 
ated with  the  movements  above  referred  to  may  be  seen  travers- 
ing the  lower  quartzite  zones  of  the  Pretoria  series  to  the  east 
and  south-east  of  Pretoria. 

But  to  return  to  the  particular  area  we  are  dealing  with. 
Leaving  the  Magaliesberg  quartzite,  we  pass  in  a  general 
north-easterly  direction  across  a  succession  of  quartzites  and 
intrusive  sheets  of  diabase,  and  this  is  here  the  principal 
characteristic  of  the  uppermost  portion  of  the  Pretoria  series. 
Beds  of  shale  occasionally  occur,  but  in  this  area  they  are  in- 
significant in  comparison  with  the  quartzites.  We  find  dark 
grey  and  black  shales,  for  instance,  well  exposed  in  the  spruit 

•  See  Ann.  Rep,  Geol.  Suney,  S.A.R.,  1808,  p.  3  (English  translation). 
Explanatory  Note  to  Geol.  Sketch  Map  of  the  Transvaal,  1902,  pp.  5—9 ;  Also, 
iMolengraafTs  Address  to  Geol.  Soc  Trans.  SA.  GeoL  Soc,  Vol.  5,  Pt.  4,  p.  74. 

t  See  G'Hjlogie  de  la  Repabliqne  Snd-Africaine  du  Transyaal,  Bull  Soc.  Geol. 
Prance,  4«  S^rie,  Tome,  1,  PariSj  1901,  p.  41. 
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below  the  SchuUer  and  Kaalfontein  Diamond  Mines,  and  again 
similar  shales  may  be  seen  a  few  miles  to  the  north  of  the 
Premier  Mine,  on  the  farm  Louwsbaken  (899).  These  shales 
closely  resemble  the  more  extensive  argillaceous  deposits  of 
lower  horizons  in  this  series. 

The  quartzites  are  mostly  fine-grained  rocks  of  a  pale 
yellowish,  or  sometimes  white  colour.  A  purplish  tinge  is  often 
noticeable,  especially  over  parts  of  the  area  near  the  northern 
margin  of  the  map.  The  texture  may  vary  considerably,  some- 
what coarse-grained  saccharoidal  types  occasionally  occurring. 
These  rocks  as  a  rule  show  well-marked  dip-slopes,  and  ripple- 
marked  surfaces  are  a  characteristic  feature.  Banded  quartz- 
ites showing  parallel  laminae,  rich  in  oxide  of  iron,  are  some- 
times found  not  far  from  the  northern  slopes  of  the  Magalies- 
berg  range. 

We  will  not  describe  the  Waterberg  rocks,  which  are  seen 
on  the  east  margin  and  in  the  north-east  corner  of  the  map; 
we  will  merely  point  out  that  these  beds  have  been  shown,  by 
the  recent  work  of  Mr.  E.  T.  Mellor»  further  east,  to  be  lying 
unconformably  \ipon  the  Pretoria  series.  In  this  region,  how- 
ever, the  \inconformity  cannot  be  clearly  seen,  as  both  series 
show  approximately  the  same  degree  and  direction  of  dip,  and 
both  consist,  along  the  line  of  junction,  of  somewhat  similar 
types  of  quartzite  and  quartzitic  sandstone. 

As  regards  the  igneous  rocks  seen  upon  the  map,  these  may 
be  classed,  with  certain  exceptions,  \inder  the  general  and  con- 
venient term  of  diabase,  though  probably  several  varieties  of 
altered  dolerites  and  diorites  may  be  found  among  them. 
They  form  intrusive  sheets  or  sills  in  the  Pretoria  series. 

A  specially  interesting  point  in  connection  with  one  of 
these  intrusive  sheets  is  the  intimate  asociation,  in  what  is 
apparently  a  single  intrusi<m,  of  diabase  and  felsite.  This 
sheet  may  be  folowed  along  a  well-marked  ridge  on  the  farm 
Beynespoort  (520),  till  it  spreads  out  further  east  to  form  the 
group  of  hills  surrounding  the  Premier  pipe.  Thence  it  is  con- 
tinued through  the  farm  Doom  kloof  (4'Jl)  to  the  summit  of 
some  high  ground  at  the  south-east  beacon  of  the  same  farm. 
The  same  sheet  has  been  picked  up  again  further  east  and 
traced  as  far  as  Bronkhorst  Spruit.  The  lower  portion  of  this 
sheet  is  usually  a  fairly  coarse  or  medium-grained  diabase  of 
the  normal  type.  Now,  this  diabase  is  frequently  found  to  be 
overlain  by  a  compact  reddish  or  flesh-coloured,  and  sometimes 
greenish,  jfelsite,  and  it  is  impossible  to  find  any  sharp  line  of 
demarcation  between  the  two  rocks.  The  diabase  becomes 
gradually  more  and  more  fine-grained,  and  more  and  more  acid, 
owing  to  the  loss  of  its  ferro-magnesian  constituents.  The 
holocrystalline  granular  structure  of  the  diabase  gradually 
gives  place  to  a  compact  felsitic  structure,  with  fre(]uently 
spherulitic  aggregations.       In  the   intermediate   phase   of  the 
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passage  one  often  finds    a    reddish    rock    resembling    rather    a 
syenite  or  diorite  than  the  more  basic  diabase. 

It  would  appear,  therefore,  that  in  this  intrusion  there 
has  been  magmatic  differentiation,  which  has  taken  place,  so 
to  speak,  in  a  vertical  manner,  the  more  basic  portion  of  the 
magma  having  concentrated  in  the  lowermost  portion  of  the 
sheet  and  consolidated  as  diabase,  while  the  more  acid  portion 
has  remained  to  constitute  the  felsite  of  the  upper  part. 

THE  PREMIER  PIPE. 

We  will  now  consider  more  particularly  the  geological 
features  of  the  celebrated  Premier  Diamond  Pipe.  This  pipe 
is  sitiiated  about  7  miles  north  of  Van  der  Merwe,  on  the 
northern  portion  of  the  farm  Elandsfontein  (85).  It  has  an 
elevated  situation,  compared  with  the  general  level  of  the 
surrounding  country,  and  lies  in  a  basin-shaped  hollow,  sur- 
rounded by  ridges  and  kopjes  of  felsite.  At  the  north-west  end 
of  this  hollow  there  is  a  break  in  the  felsite  hills,  throiigh 
which  a  small  stream  finds  exit  to  the  lower  ground,  and  the 
alluvium  associated  with  this  stream  is  worked  for  diamonds, 
by  the  Pretoria  District  and  Beynespoort  Companies. 

At  the  surface  the  pipe  is  an  irregular  oval  in  shape,  the 
longer  diameter  of  which  measures  just  over  half  a  mile.  The 
area  of  diamondiferous  ground  at  the  siirface  was  calculated 
by  the  Diamond  Mines  Commission  in  November  last  to  be 
f350,000  sqiiare  yards  (equal  to  f3,280  claims).  The  Premier 
Pipe  is,  therefore,  the  largest  known  diamondiferoiis  vent  in 
the  world. 

As  alreadj-  pointed  out,  it  is  almost  entirely  siirrounded  by 
felsitic  rocks,  which  form  the  upper  portion  of  an  extensive 
intrusive  sheet.  A  small  patch  of  quartzite,  however,  is  seen 
cropping  out  on  the  northern  edge  of  the  pipe.  There  is  no 
reason,  however,  to  suppose  that  the  felsite  has  any  connection 
whatever  with  the  volcanic  forces  to  whicli  the  pipe  owes  its 
origin.  It  was  undoubtedly  intriided  into  the  Pretoria  beds  at 
a  time  far  anterior  to  the  formation  of  the  pipe,  which  has, 
at  a  much  later  date,  been  pierced  through  the  felsite  and  the 
quartzites  which  underlie  it.  Thus,  the  walls  of  the  pipe, 
where  they  are  exposed  in  the  present  open  workings  (No.  1), 
are  composed  of  this  felsite.  At  orreater  depths,  however,  the 
walls  would  in  all  probability  be  found  to  be  composed  of  the 
quart zites,  which  the  structure  of  the  surrounding  country 
shows  to  underlie  the  felsite. 

As  regards  the  internal  structure  and  arrangements  of  the 
pipe  a  certain  amount  of  information  may,  of  course,  be  de- 
rived from  the  open  workings  of  the  mine,  and  from  the  bore- 
holes, which  have  been  put  down  by  the  Premier  Company; 
but  naturally,  until  larger  areas  and  greater  depths  of  the  mine 
have  been  opened  out,  our  information  upon  various  points  of 
interest  is  bound  to  remain  somewhat  obscure. 
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BORE-HOLES. 

At  the  time  of  our  last  visit  to  the  mine,  eight  bore-holes 
had  been  put  down  to  depths  varying  from  300  to  1,001  feet. 
The  ground  passed  through  is  on  the  whole  similar  in  its  nature 
and  appearance  in  the  various  bore-holes,  and  consists  of :  — 

1.  Surface  soil. 

2.  Red  ground,   often    mixed    with    sand,    gravel,    and 

boulders. 

3.  Yellow  ground. 

4.  Blue  ground. 

The  level  of  the  blue  ground  varies  in  different  parts  of 
the  pipe.  In  No.  1  open  workings,  which  are  in  the  south-east 
corner  of  the  pipe,  it  is  seen  within  15  feet  of  the  surface,  but 
generally  speaking  it  is  struck  at  a  depth  of  about  35  to  40 
feet.  Nearly  all  the  blue  matrix  is  soft  and  weathers  readily, 
and  no  hard  blue,  or  '*  hardibank,"  has  been  met  with,  except 
ill  bore-hole  No.  8,  which  is  somewhere  near  the  centre  of  the 
pipe.  The  Premier  blue  ground  is  frequently  of  a  rather 
greenish  colour,  and  with  the  exception  of  the  ubiquitous 
**  carbon  "  (ilmenite)  does  not  contain  such  a  high  proportion 
of  the  minerals  usually  associated  with  the  diamond,  such  as 
garnet,  serpentine,  chrome-diopsidc,  mica,  etc.,  as  is  found, 
for  instance,  in  the  blue  ground  of  the  Schuller  and  Kaalfon- 
tein  pipes ;  and  it  may  possibly  be  of  a  slightly  less  basic  com- 
position. The  red  and  yellow  ground  near  the  surface  invari- 
ably show  a  large  percentage  of  foreign  matter  in  the  form  of 
rolled  quartzite  and  other  fragments.  That  there  has  been  a 
certain  amount  of  concentration  at  the  surface  of  the  heavier 
minerals  would  seem  very  probable,  as  may  well  be  the  case 
in  all  diamondiferous  deposits  exposed  to  the  action  of  de- 
nuding agencies — the  lighter  particles  being  the  more  readily 
carried  away  by  surface  waters. 

On  one  side  at  least  the  walls  of  the  pipe  appear  to  extend 
vertically  downwards,  namely  on  the  south-west  side,  near  to 
which  a  bore-hole  (No.  1)  has  gone  down  for  1,001  feet  in  un- 
interrupted blue  ground  -though  this  does  not  exclude  the 
possibility  of  an  outward  bulge  in  the  wall. 

Small  bands  of  quartzite  are  sometimes  met  with  in  the 
bore-holes  in  the  solid  blue,  but  these  very  probably  represent 
portions  detached  from  the  surrounding  walls.  Thus,  in  a 
bore-hole  (No.  8)  put  down  near  the  centre  of  the  pipe,  about 
11  feet  of  hard  pale  quartzite  were  passed  through  at  a  depth 
of  about  500  feet.  This  was  succeeded  by  hard,  dark  greenish- 
blue  ground,  resembling  the  "  Hardibank "  of  the  Schuller 
Mine.  At  a  depth  of  760  feet  a  fine-grained  black  igneous 
rock  (resembling  a  lamprophyre)  was  met  with,  and  about  70 
feet  of  this  rock  had  been  passed  through  when  news  of  this 
bore-hole  was  to  hand  in  February  last.  The  rock  may  very 
possibly  represent  an  intrusive  mass,  perhaps  a  dyke,  cutting 
the  blue  ground. 
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In  this  connection  it  will  be  of  interest  to  refer  to  the 
occurrence  within  the  pipe  of  what  is  termed  **  floating  reef." 
A  considerable  quantity  of  this  is  met  with  in  No.  1  open 
workings.  It  does  not  appear  to  extend  to  any  depth,  how- 
ever, being  so  far.  on  an  average,  about  20  feet  in  thickness, 
and  the  bulk  of  it  will  probably  be  removed  before  very  long. 
It  consists  of  a  Iwir  of  hard  purple  quartzite  and  indurated  grit, 
associated  in  places  with  purple  conglomerate  and  breccia.  It 
is  well  exposed  along  the  north  side  of  the  workings.  A  mass 
of  conglomerate  is  also  well  seen  on  the  opposite  side  of  the 
workings  close  to  the  lower  end  of  the  inclined  railway.  These 
n>cks  have  evidently  been  much  indurated  by  volcanic  action, 
jn*t  they  War  a  very  remarkable  resemblance  to  n>cks  belong- 
ing to  the  Waterln^rg  series,  which,  as  we  have  seen,  succeed 
the  up|H>rmost  Pretoria  quartzites,  and  are  found  in  situ  a  few 
miles  to  the  north  and  east  of  the  pipe.  Moreover,  no  rocks 
of  exactly  this  tyi>e  have  Ihhmi  as  yet  met  with  among  the  Pre- 
toria quartxites.  It  would  not  Ik*  unreasonable,  therefore,  to 
conclude  that  the  Pre^^ria  IhmIs,  whirh  at  present  surround 
the  pii>e,  wi^re  at  one  time  covertMl  by  conglomerates  and  sand- 
stones of  WaterWrg  age,  and  that  the  masses  of  these  latter 
rooks,  now  found  enclosed  in  the  diamond  if  emus  ground,  re- 
presiMit  i^ortions  which  had  Ihhmi  bn»ken  away  fn>m  the  sides 
of  the  old  volcanic  crater,  which  sttxxl  over  the  site  of  the 
presiMit  pilH\  and  in  this  way  have  lHMM>me  buried  in  the  vol- 
oanic  matter  within  it.  Sim^  that  time,  the  volcanic  crater 
and  the  surnMindinar  WaterWrg  n>t*ks  have  Ix^en  swept  awav 
by  denudation,  so  that  ti>-day  we  s«h^  the  pi|ie  or  vent,  which 
fetl  this  ancient  volcano,  surnnindeil  by  the  underlying  Pretoria 
t|uart».ites  and  intrusive  igneous  nx^ks. 

A  pnnnsely  similar  instiince  to  the  abiAv  was  noticetl  not 
s*^  wry  lonsr  a^>  in  the  cajae  of  a  lanre  vi>loanic  v^mu  of  Ter- 
tiarv  5igt*  in  the  island  of  Arran,  off  the  w^^t  oi^st  of  S«-<it- 
ImkI.^  Here.  lH^i^^  nwisses  of  Rhaetic  ainl  IJassio  strata,  ci^n- 
taining  characteristic  forssils,  and  bb^ks  of  CT^^tactHnis  nx^ks, 
wvn^  oKserv^Hl  embetldetl  in  the  agglomerate  within  the  v^M\t. 
The  ma^  of  IJhaetic  rxx^ks  was  st*vt^ral  acre<  in  extent.  Similar 
Txx^ks  of  the  same  a««»  an?  now  only  found  im  <ifu  in  th.-^t  dis- 
trict in  the  s*Mith  of  Arran,  so  that  the  oc^urn*n»>e  of  the  in- 
t^lmksl  mars^^  :n  the  vent  not  only  indicates  the  fomu^r  much 
wider  sprtssid  of  thes*»  rxx^ks,  but  alM>  that  they  must  have  fallen 
A^wn  into  the  wnt  fr^^m  the  old  crater  walls  in  orxler  to  haw 
ac^uiivd  the:r  ptv^nt  p^^sition,  t'hber  instamvs  haw  a^.s^-^ 
Ky^n  oWrw^l  :n  the  Palaet^ioio  strata  in  s«^nH^  •A  the  S,N^:r!sh 
CarKi\nift^T\^us  vvnts< 

Apart  fi^^m  the  Premier  iline,  which  at  the  pn^^n:  ::me 
^•xMMribufe*  by  far  the  gnp^fer  p*>nioii  of  the  Diamond  o\:ip*,it 
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of  the  Colony,  we  find  the  following  Mines  at  work :  — 

1.  The \Sohuller  Mine  1^, 

2.  The  Kaalfontein  Mine    P^"^  ground  occurs  as  a  true 

8.     The  Montrose  Mine        j  P^P®- 

4.  The  Pretoria  District  Mine      ]  No    pipes    have    been 

5.  The  Beynespoort  Mine  [         found      in      these 

6.  The  Montrose  Alluvial  Mine     )  workings. 
Though  economically  considered,  the  above  mines  are  less 

important  than  the  Premier  Mine,  they  are  nevertheless  ex- 
tremely interesting  to  the  geologist,  as  they  present  certain 
features  which  throw  some  light  on  the  origin  of  the  Blue 
ground. 

The  Diamond-bearing  ground  may  occur  either  as  solid 
rock  in  situ  in  the  form  of  pipes,  or  else  as  an  alluvial  deposit, 
and  the  classification  of  diamond-bearing  localities  on  this 
principle  is  indicated  aoove;  in  the  following  remarks  we  will 
confine  ourselves  to  the  occurrences  of  pipes  only. 

THE  SCHULLER,   KAALFOXTEIX,   AXD  MONTROSE  PIPES. 

The  mines  which  show  true  pipes  occur  at  a  distance  of  a 
few  miles  to  the  S.E.  and  N.E.  of  Van  der  Merwe  Station, 
some  22  miles  east  of  Pretoria.     (See  Fig.  1.) 

The  Schuller  No.  1  Mine  has  been  worked  the  longest,  as 
Diamonds  were  obtainec*  from  this  source  already  before  the 
war. 

Its  occurrence  was  briefly  noticed  by  Dr.  Molengraaff  in 
his  first  Report  as  State  Geologist  under  the  old  Government.* 
The  Mine  lies  about  2  miles  S.E.  of  Van  der  Merwe  Station,  on 
a  gentle  slope,  over  which  the  beds  lying  above  the  Magalies- 
berg  Quartzite  of  the  Pretoria  Series  crop  out.  These  sedi- 
mentary rocks  consist  of  whitish  thickly-bedded  quartzite,. 
dipping  to  the  north-east  at  an  average  angle  of  18  deg.  The 
pipe  appears  through  these  beds  in  the  form  of  an  irregular 
oval  at  the  surface,  the  longest  diameter  of  which  is  240  feet, 
while  the  breadth  is  about  200  feet.  Its  contact  with  the 
white  quartzite  is  in  several  places  clearly  visible  and  rather 
sharp.  Thus  at  the  north-east  corner  of  the  pipe  one  can 
notice  a  shallow  pit  about  5  feet  deep,  the  northern  wall  of 
which  represents  the  contact  plane  between  the  blue  ground 
and  the  sedimentary'  rocks.  The  latter  consist  of  whitish  to 
grey  quartzite,  showing  a  somewhat  smoothened  and  slicken- 
sided  aspect.  Again,  on  the  opposite  south-east  corner,  there 
exists  a  hauling  adit,  the  sides  of  which  attain  a  maximum 
height  of  about  12  feet.  This  adit  runs  approximately  across 
the  strike  of  the  quartzite,  and  displays  a  regular  dip  of  from 
16  to  18  degrees,  but  as  one  approaches  the  oine,  evidence  of 
an  increased  amount  of  jointing  can  be  seen,  until,  within  two 
or  three  feet  of  the  contact,    the    sedimentary    rocks    appear 

*  First  Annual  Report  of  the  State  Geologist  for  1897,  Johannesburg,  1898, 
Tran*.  8.A.  Geol.  Soc.,  Vol.  IV. 
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much  broken  and  disturbed.  The  boundary  line  between  the 
blue  ground  and  the  quartzite  is  sharp  enough  to  be  easily 
covered  by  the  hand. 

It  thus  appears  that  the  blue  ground  occupies  its  present 
position  throuffh  the  agency  of  an  eruptive  force,  which  has 
broken  through  the  upper  quartzite  beds  of  the  Pretoria  series, 
resulting  in  the  formation  of  a  more  or  less  cylindrical  and 
vertical  mass  or  "  pipe." 

The  hard  blue  ground  contains  a  number  of  foreign  frag- 
ments, included  in  the  parent  rock  by  the  disruptive  action  of 
the  volcanic  forces  on  the  surrounding  rocks.  These  rock 
fragments  chiefly  include  Quartzite,  Shale,  and  pieces  of 
Igneous  rock,  e.g.,  Diabase. 

In  the  Schuller  No.  1  pipe  one  finds  a  thin  covering  of  soft 
yellow  material,  the  so-called  *'  Yellow  ground."  This  repre- 
sents the  product  of  the  highly- weathered  hard  blue  ground, 
and  forms  a  most  valuable  asset  to  the  miner,  on  account  of 
its  being  very  easily  broken  up  and  washed.  Indeed,  the  fresh 
blue  ground  of  this  mine,  containing  much  of  the  so-called 
**  Hardibank  "  of  the  Kimberley  type,  was  soon  found  to  be 
unmanageable,  and  quite  intractable  to  the  ordinary  method 
of  weathering.  For  this  reason  the  pipe  No.  1  is  now  no 
longer  worked,  a  result  which  is  not  due,  therefore,  to  the 
absence  of  diamond-bearing  ground,  but  to  the  hardness  of  the 
blue  ground,  the  continued  treatment  of  which  would  unduly 
raise  the  working  costs.  As  a  matter  of  fact,  one  borehole  in 
the  mine  has  traversed  nearly  '^WO  feet  of  mine  ground  with- 
out any  sign  of  a  termination  having  been  reached. 

Some  time  after  the  discovery  of  No.  1  pipe,  a  second 
occurrence  of  blue  ground  was  found  some  500  yards  S.E.  of 
No.  1.  This  turned  out  to  be  another  pipe,  partly  situated  on 
the  farm  Rietfontein — such  portion  belonging  to  the  Schuller 
Company  and  known  as  No.  2— partly  on  the  adjoining  farm, 
Eaalfontein,  such  portion  being  owned  by  the  Kaalfontein 
Company.  An  examination  of  this  pipe  shows  a  mode  of 
occurrence  analogous  to  the  one  already  described.  Here 
again,  the  pipe  shows  an  oval  form  at  the  surface,  some  400 
feet  in  greatest  length  and  of  a  maximum  width  of  290  feet. 
Of  this  ground  the  Schuller  Company  own  some  300  feet  of 
the  eastern  portion.  On  the  surface  there  is  a  layer  of  about 
26  feet  of  yellow  ground,  underneath  which  comes  hard  blue 
ground;  one  bore-hole,  sunk  into  this  pipe,  proved  the  blue 
ground  to  a  depth  of  560  feet.  The  wall  of  this  pipe  is  like 
that  of  the  Schuller  No.  1,  well  marked  off  from  the  quartzite 
surrounding  it,  but  im  the  Kaalfontein  side  it  is  not  vertical, 
but  has  an  outward  slope  or  bulge;  sometimes  the  contact 
plane  is  smooth  and  slickensided,  sometimes  a  distinct  upward 
trend  of  the  strata  can  be  seen  -especially  on  the  walls  of  an 
inclined  shaft  sunk  into  the  blue  ground  from  the  surface  on 
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the  western  edgre.  The  character  and  arrangement  of  the 
quartzites  is  similar  to  that  already  alluded  to  in  connection 
with  the  previous  mine.     (See  Fig.  2.) 


sw 
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Fig.  2.    Vertical  Section  throngli  Ka^ilfontein  Pii>e. 

Thus  in  hoth  the  SehuUer  and  Kaalf(mtein  Mines  the  pipe 
matter  apparently  hreaks  through  the  quartzites  owing  to  a 
disruptive  force  from  below,  the  effects  of  which  on  the  sedi- 
mentary strata  are  seen  in  its  disturbed  character  and  in  the 
upward  curvature  of  the  bedding  planes  near  the  contact,  and 
in  the  large  number  of  included  fragments. 

Another  diamond-bearing  pipe  has  been  found  a  few 
months  ago  by  the  Montrose  Company.  Nearly  the  whole  of 
this  rather  small  pipe  lies  on  their  farm  Yryneb,  but  a  small 
portion  of  it  at  the  N.W.  end  extends  into  the  adjoining  farm, 
Rooi  Koppies.  The  ground  is  hardly  yet  opened  up  suffi- 
ciently to  enable  one  to  say  wliat  is  the  exact  extent  of  the 
pipe  or  what  are  its  relations  to  the  country  rock.  It  seems, 
however,  that  the  latter  is  largely  made  up  of  an  intrusive 
igneous  rock,  resembling  diabase.  To  the  north  of  the  pipe, 
this  diabase  apparently  passes  into  a  reddish,  more  fine-grained 
rock,  which  may  provisionally  be  termed  felsite.  On  the  south 
very  little  rock  in  situ  .occurs,  only  a  rich  red  soil  being  seen. 
In  a  few  prospecting  pits  lying  here,  rather  thin  bedded  red 
shales,  presumably  of  the  Pretoria  Series,  can  be  seen,  overlain 
by  a  thick  deposit  of  red  soil  carrying  some  diabase  boulders. 
As  the  work  of  opening  out  the  Mine  proceeds,  no  doubt  more 
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definite  indications  will  be  found,  whicli  may  throw  some  light 
on  the  behaviour  of  this  pipe,  which  appears  to  differ  in  some 
respects  from  those  above  described. 

XATUIIE  OF  THE  BLUE  GROUND. 

For  a  study  of  the  nature  of  the  Diamond-bearing  rock 
tlie  pipes  of  the  Schuller  and  Kaalfontein  Mines  form  excellent 
opportunities.  The  blue  ground  occurs  as  a  dark  bluish  to 
green  rock,  which  breaks  fairly  easily  under  the  hammer,  and 
has  a  somewhat  speckled  appearance  owing  to  the  frequent 
presence  of  whitish  foreign  fragments.  Here  and  there  one 
meets  with  portions  much  harder  than  the  rest,  and  the  term 
**  Hardibank  "  has  been  applied  to  this  variety.  Occasionally 
there  is  a  tendency  to  assume  a  spheriodal  form,  such  spheroids 
being  identical  in  composition  with  the  main  mass,  and  attain- 
ing a  size  of  two  or  more  inches  in  diameter.  It  seems 
probable  that  they  are  merely  a  peculiar  result  of  weathering. 
The  rock  is  rather  light;  the  specific  gravity  taken  from 
three  samples  gave  the  following  results  :  — 

2.791] 

2.748  Uiean  2.757 
2.783) 
To  ensure  reliable  values  rather  large  pieces  were  chosen 
for  determination,  such  pieces  also  containing  fragments  of 
foreign  inclusions.  It  will  be  noticed  that  the  values  found 
are  somewhat  low  for  an  igneous  rock  rich  in  iron  ores  and 
ferro-magnesian  silicates,  such  as  the  blue  ground  represents. 
It  must  be  borne  in  mind,  however,  that  the  admixture  of 
foreign  fragments  of  smaller  specific  gravitv,  together  with  the 
metasomatic  changes  resulting  in  the  production  of  hydrated 
minerals,  would  both  tend  to  lower  the  specific  gravity,  whicli 
indeed  agrees  pretty  closely  with  that  usually  met  with  in  a 
highly  serpent inised  peridotite.  Thus  the  Kimberley  blue  has 
an  average  sp.  gr.  2.7'i4.  The  mean  value  for  13  tjT)ical  peri- 
dotites  (e.g.,  Auiphibol  peridotite,  Diorite,  Harzburgite,  etc.)* 
works  out  to  3.180,  but  where  such  rocks  are  highly  serpen- 
tinised,  the  values  have  been  found  to  drop  to  2.710.  It 
appears,  therefore,  that  the  somewhat  low  value  for  the  blue 
ground  is  largely  due  to  the  large  development  of  secondary 
serpentine. 

In  the  rather  compact  green  matrix  of  the  blue  ground  the 
f(dlowing  minerals  can  be  detected  with  the  luiked  eye :  — 
Serpentine. 

Yaalite  (a  Magnesian  Mica). 
Garnet. 
Ilmenite. 
Chrome  diopside. 

Ilypersthene,  Calcite,  and  foi-eign  fragments. 
Of  these  the  first  mineral  is  by  far  the  commonest:  in  fact,  it 

'  *  Rosenbusch,  Rleinente  der  Qesteinslehre,  Stuttgart,  1901. 
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constitutes  the  bulk  of  the  matrix.  Another  very  frequent 
mineral  is  Ilmenite  (known  to  the  miner  as  **  carbon  "),  charac- 
terised by  its  high  lustre  and  somewhat  carbonaceous  appear- 
ance. The  dark  brown  mica  is  of  a  magnesia  variety,  to  which 
the  name  Vaalite  has  been  given.  Chrome  diopside  and  garnet 
are  only  sparingly  present — the  former  showing  up  well 
through  its  bright  green  colour,  accompanied  by  good  cleavage. 
Eight  sections  were  cut  from  separate  samples  of  the 
hardibank  of  the  Schuller  No.  1  pipe.  A  microscopic  examina- 
tion of  these  shows  us  a  rock  which  must  at  one  time  have  been 
very  largely  made  up  of  Olivine,  of  which  some  unaltered 
traces  are  still  to  be  occasionally  seen.  The  matrix  shows  ex- 
cellent mesh-structure  with  ccmcomitant  deposition  of  iron-ore 
ahmg  the  irregular  cracks  of  the  parent  mineral,  olivine.  A 
noteworthy  point  is  the  occasional  extensive  presence  of  rather 
fresh  calcite.  A  close  examination  of  the  included  fragments 
affords  some  indication  as  to  their  original  nature,  which  re- 
sembles sometimes  that  of  a  diabase.  The  fact  that  Augite  is 
practically  confined  to  the  included  fragments  is  interesting  in 
this  connection. 

The  following  table  shows  the  composition  of  the  blue 
ground  as  revealed  b,^  a  microscopic  study.  A  small  circle  in- 
dicates the  presence  of  the  particular  mineral  in  the  matrix, 
a  small  cross  indicates  its  presence  as  a  constituent  of  some 
foreign  fragments :  — 

Mmeird.       15a.     15b.     15c.     15d.     190.     101.     102.     193. 
Serpentine  oooooooo 

Olivine  x  x  o  o 

Bastite  o         o  o         o 

Ilmenite  oooooooo 

Vaalite  o  o  o  o  o 

Garnet  o         o  o         o 

Augite  XX  XX 

Hypersthene  x 

Apatite  x  x 

Calcite  x  x  x  x  o         x 

Among  the  included  fragments  are  found  chiefly — 

Quartzite, 

Diabase, 

Shale, 
together  with  some  otheis  of  doubtful  nature.  They  vary 
much  in  size,  pieces  up  to  3  inches  in  length  are  not  uncom- 
mon, but  usually  they  are  smaller,  and  generally  rather  angu- 
lar. A  noteworthy  feature  is  the  occasicmal  occurrence  of 
calcite,  apparently  very  fresh.  The  general  mode  of  occur- 
rence of  these  inclusions  leaves  little  doubt  that  they  are  due 
to  the  breaking  through  of  the  diamondiferous  rock,  which 
caught  up  fragments  of  sedimentary  and  igneous  rocks  in  its 
passage  upwards. 
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A  chemical  analysis  of  the  Blue  ground  in  the  Schuller 
No.  1  Mine  gave  the  result  shown  in  the  following  table  under 
I.  For  comparison  the  chemical  composition  of  Kimberley 
Blue  is  given  under  II.,  and  that  of  the  type  occurrence  of 
Harzburgite  under  III. 


I. 

SiO, 

33.84 

TiO, 

.434 

A1,0, 

().1G 

CA 

.04 

FcA 

27.40 

Fc,0, 

.19 

MgO 

21.02 

CaO 

Na,0 

1 

.20 

K,0 

/ 

CO, 

H,0  1 

hyg' 

•oseopic 

1.23 

H,0, 

&c. 

ignition 

9.33 

II. 

IIT. 

33.00 

3.5.67 

12.00 

2.98 

.87 

6.04 

FeO 

4.95 

32.38 

35.03 

9.60 

.18 

.67 

.77 

7.05 

PA 

.03 

6.00 

12.04 

100.70 

99.93 

2.734 

2.71 

100.444 
Sp.  Gr.     2.757 

I.  Blue  Ground  Schuller  No.  1.     Analysis  by  C.  Gardthausen. 

II.  Kimberley  Blue.      Rosenbusch.      Elemente  der  Gesteins- 

lehre  Stuttgart  1901.     2nd  Edition,  p.   169. 

III.  Harzburgite    serpentinised.       Radauberg    ur    Harzburg. 

Dto. 
A  comparison  of  these  results  shows  a  strong  general 
similarity  of  the  chemical  natures  of  the  -3  rocks.  A  notable 
feature  of  difference  is  the  absence  of  lime  in  the  Schuller 
type.  ThiMc  is  no  doubt,  however,  of  the  frequent  presence  of 
Calcite  in  tlie  lock,  but  a  reference  to  the  mineralogical  com- 
position as  revealed  by  microscopic  study  shows  that  the 
mineral  in  questicm  was  in  all  cases  except  one  present  in  a 
foreign  fragiuent  only.  The  sample  chosen  for  analysis  thus 
happened  to  be  free  from  calcareous  inclusions.  The  amount 
of  iron  is  also  s(»mewhat  high,  and  in  the  ferric  iron  has  also 
been  included  ferrous,  but  it  was  possible  to  estimate  sepa- 
rately the  small  percentage  of  magnetic  inm. 

Apart  from  the  minor  differences,  there  is  a  fairly  close 
analogy  between  the  Blue  Ground  in  question  and  the  other 
rocks  adduced  for  comparison.  All  three  are  marked  by  a  low 
amount  of  silica,  a  very  high  percentage  of  magnesia,  and  a 
rather  low  amount  of  alumina.  In  all  cases  water  is  present  in 
rather  high  amounts,  a  feature  no  doubt  due  to  the  large  pre- 
ponderance of  serpentine,  this  hydrated  silicate  of  magnesia 
being  present  in  all  three  rocks. 
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general  considerations  and  conclusions. 

We  will  now  briefly  conclude  with  a  few  general  remarks. 
It  might  perhaps  be  asked — Why  should  these  diamond  pipes 
occur  in  the  particular  area  where  they  happen  to  be  found? 
Is  there  any  geological  reason  why  they  should  occur  there 
rather  than  in  any  other  locality,  or  is  their  occurrence  purely 
accidental?  Now,  as  we  have  already  pointed  out,  the  whole 
of  the  Pretoria  series  in  this  area  has  been  considerably  affected 
by  certain  crust  movements,  the  eft'ect  of  which  has  been  to 
bend  the  strata  round  in  a  south-easterly  direction.  This 
movement  has  been  accompanied  by  oblique  dislocations  of  the 
strata,  which  have  naturally  been  greatest  about  the  point 
where  this  bending  back  of  the  sedimentary  series  has  taken 
place.  And  this  change  of  strike,  as  we  have  already  seen, 
commenced  suddenly  quite  close  to  our  Diamond  fields. 

Now  the  connection  between  volcanic  vents  and  lines  of 
weakness  in  the  earth's  crust,  caused  by  earth-movement  and 
dislocations  of  the  strata,  is  well  established.  There  may  be 
good  reason,  therefore,  for  supposing  that  such  lines  of  weak- 
ness have  been  set  up  in  this  particular  area,  and  that  thus 
these  weak  points  have  been  finally  taken  advantage  of  by  the 
volcanic  forces  which  were  eventually  the  direct  cause  of  the 
production  of  the  diamond-pipes.  We  are  much  more  likely, 
then,  to  find  diamondiferous  vents  and  volcanic  phenomena  of 
all  kinds  in  areas  of  disturbance  and  crust-movement,  rather 
than  in  those  areas  which  have  undergone  no  particular  move- 
ments at  all. 

As  regards  the  age  of  the  Diamond  pipes,  they  no  doubt 
all  belong  to  the  same  geological  period,  and  they  are  evi- 
dently younger  than  the  Pretoria  Series,  into  which  they  have 
been  intruded.  In  the  case  of  the  Premier  pipe,  the  masses  of 
included  Waterberg  rocks  show  that  this  pipe  is  of  later  date 
than  the  Waterberg  period,  but  beyond  this  we  have  no  direct 
evidence  to  guide  us  any  further.  If,  however,  we  may  corre- 
late the  Transvaal  pipes  with  those  of  Kimberley,  then  we  have 
some  further  evidence  to  go  upon  as  regards  their  age,  these 
latter  having  been  intruded  into  shales  of  Karroo  age. 

Finally,  as  regards  the  blue  ground,  we  have  shown  that  it 
is  a  volcanic  rock  closely  resembling  a  highly  serpentinised 
peridotite-breccia,  recalling  in  some  respects  the  characters  of 
Kimberley  blue,  and  containing  fragments  of  other  rocks,  both 
igneous  and  sedimentary,  derived  from  the  breaking  up  of  the 
strata,  through  which  the  blue  ground  has  forced  a  passage. 

The  study  of  these  diamond  pipes  is  of  intense  interest 
from  many  points  of  view,  but,  like  the  Premier  Mine,  it  is 
only  as  yet  in  its  infancy,  and  we  do  not  profess  to  have 
treated  the  matter  here  otherwise  than  in  a  very  superficial 
manner.  We  hope,  however,  that  further  observations  and  the 
discovery  of  a  few  more  Premier  Mines  will  give  us  the  oppor- 
tunity of  making  some  further  communication  on  the  same 
subject. 
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Microphot  by  A.  L.  H. 

Platk  VIL 

Fio.  1,— Section  of  Blii«  Ground  from  the  Schuller  No.  1  pipe,  magnified  15 
diameterM  ^Hlide  193).  The  titfure  shows  the  general  clastic  character  of 
the  roc'k.  The  matrix  in  made  up  of  secondary  serpentine  and  iron  ore. 
The  lartre  li^dit  individuals  are  bastiie.  The  large  dark  oval  shaped 
crystal,  nearer  the  wlj^e  is  ilmenite  with  a  centml  fragment  of  olivinie. 

Fig.  2.— Section  of  Blue  Ground  from  the  Schuller  No.  1  pipe,  magnified  15 
diameteiK  (wlide  191).  In  the  matrix  of  sei*pentine  are  seen  large  light 
bastite  pMeudomorpliN  and  a  fragment  of  much  twisted  vaalite  (biotite). 
Across  the  Motion  in  seen  the  edge  of  a  foreign  inclusion  of  (dark) 
diabase. 

PiMTK  VIII. 

Fig.  1. -Section  of  Blue  Ground  from  the  Schuller  No.  1  pipe,  magnified  25 
diameters  (slide  190).  The  slide  shows  the  matrix  of  secondary  serpentine 
accompanied  by  deposition  of  grains  of  iron  ore  arranged  along  the  edges 
of  tlie  crystals,  (in  one  side  is  an  o{va<iue  foreign  fragment  enclosing 
some  of  the  matrix. 

Fig.  2.— Same  as  Fig.  1,  magnified  15  diameters.  The  main  portion  of  this  figure 
shows  a  dark  inclusion  of  diabase,  the  remainder  being  made  up  of 
serpentine  matrix.  Near  the  centre  of  the  dividing  line  traces  of 
idiomoiphic  cloudy  plagioclase  can  be  seen,  while  near  the  outer  edge  of 
the  diabase  occur  large  individuals  of  augitc. 
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14.— STONE  IMPLEMENTS  FROM  THE  FARM  ELANDS- 
FONTEIN,    NO.    235,    NEAR    JOHANNESBURG; 

WITH    A    LIST    OF     PAPERS    RELATING     TO    THE 
ANTHROPOLOGY  OF  PREHISTORIC  SOUTH  AFRICA. 

By  J.  P.  Johnson. 

In  the  latter  part  of  1903,  I  recorded,  in  a  paper  read  be- 
fore the  Geological  Society  of  South  Africa,  some  discoveries 
of  stone  implements,  which  I  had  made  in  the  neighbourhood 
of  Johannesburg.^ 

They  comprised — 

(1)  A  group  presenting  the  complete  facies  of  the  Eolithic 

implements  of  Southern  Britain; 

(2)  Another  group,  equally  identical  with  the  true  Palaeo- 

lithic implements; 

(3)  A  series  of  minute  and  neatly  made  implements,  com- 

parable to  the  pigmy  flint  implements,  which  charac- 
terise the  Neolithic  period  of  Europe  and  elsewhere. 

The  types  of  Eolithic  and  Palaeolithic  implements  particu- 
larly referred  to  in  that  paper  were  illustrated  by  drawings, 
which  I  had  made  on  a  previous  occasion,  of  European  speci- 
mens in  my  collection ;  but  I  had  not  time  then  to  make  draw- 
ings of  the  pigmy  implements. 

The  object  of  the  present  note  is  to  fill  this  gap,  for,  as  all 
students  of  anthropology  know,  it  is  impossible  to  give  a  satis- 
factory idea  of  any  stone  implement  by  description  alone,  and 
figures  are  all  the  more  necessary  in  this  case,  because  these 
small  implements  do  not  appear  to  have  been  previously  re- 
corded from  South  Africa. 

On  Fig.  1,  p.  200,  are  shown  19  of  these  minute  implements 
(which  come  from  the  farm  Elandsfontein  No.  235),  and  four 
similar  implements  of  nearly  ordinary  dimensions,  all  drawn 
to  the  actual  size.  I  have  included  the  comparatively  large 
specimens,  which  are  good  representatives  of  the  common 
scraner,  for  comparison  with  the  small  ones,  which  I  now  think 
are  also  scrapers.  The  delicacj'  of  workmanship  displayed  by 
those  examples  is  all  the  more  remarkable,  when  it  is  remem- 
bered that  a  large  proportion  of  them  are  made  from  such  re- 
fractory materials  as  greenstone  and  qunrtz;  further  research 
having  shown  the  chert  specimens  to  be  in  the  minority. 
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EXPLAXATION  OF  FIG.   1,  PAGE  200. 

Twenty-three  stone  Implements,  drawn  actual  size,  from 
Klandsfontein.  235.  Nos.  1,  2.  4,  10  and  13  are  of  greenstone: 
Xos.  12  and  16-23  of  quartz;  the  rest  of  chert. 


200 


3 


Report — 1904. 


8 


9 


10 


11 


16 


17 


18 


19 


5 


G 


12 


13 


U 


15 


20 


21 


22 


23 


Stone  Implements  from  Elandsfontein,  No.  285,  near  Johannesburg. 

J.  P  Johnson. 
Fig.  1. 


15.— BHODESIAX  TICK  FEYEB. 

By     a.     Theiler,     M.D.,     Government     Veterinary 

Bacteriologist. 

introduction. 

The  subject  I  have  the  honour  to  present  to  you  has  occu- 
pied the  attention  of  the  branch  of  science  which  I  have  repre- 
sented for  over  two  years.  Farmers,  more  especially  those  who 
are  engaged  in  the  breeding  of  cattle,  and  who  from  an  eco- 
nomical point  of  view  are  principally  concerned,  should  natur- 
ally be  particularlj^  interested.  But  as  a  rule  they  onlj^  begin 
to  be  on  the  alert  when  the  disease  has  touched  their  pockets. 

It  is,  indeed,  of  supreme  importance  for  the  future  of  the 
agricultural  industry  that  this  great  problem  should  receive 
the  careful  and  enlightened  attention  of  all  who  have  the  wel- 
fare of  South  Africa  at  heart.  In  the  first  place  I  should  be 
wanting  in  my  duty  were  I  not  to  state  clearly  that  a  favour- 
able prognosis  does  not  at  present  seem  possible,  so  far,  at 
least,  as  cattle-breeding  is  concerned. 

For  the  past  two  years  our  Department  has  tried  to  educate 
the  farming  population  to  the  menace  which  is  dailj-  threaten- 
ing to  ruin  this  industry.  Notwithstanding  the  continued 
proof  of  the  correctness  of  our  forecast,  our  experience  is  that 
we  have  only  succeeded  in  convincing  a  very  small  portion  of 
the  people,  even  of  those  who  are  chiefly  concerned.  The 
f'ause  of  this  indolence  and  distrust  is  an  ignorant  unbelief  in 
science  generally,  and  in  particular  in  that  branch  which  my 
Department  represents. 

But  the  disease  has  not  only  a  general  economic  interest, 
which  in  the  future  will  probably  occupy  South  African  legisla- 
tors more  than  any  other  stock  epidemic,  but  it  also  offers  a 
great  attraction  from  a  scientific  point  of  view,  inasmuch  as 
research  has  revealed  several  deviations  from  the  common  type 
characterising  the  class  of  disease  under  which  it  has  been 
grouped. 

nomenclature. 

The  disease  was  originally  called  Rhodesian  Eedwater,  and 
by  this  name  it  was  designated  in  the  first  government  notice 
prohibiting  the  importation  of  cattle  from  Rhodesia;  the  name 
is  in  every  respect  inadequate.  An  improvement  in  the  nomen- 
clature was  the  words  Rhodesian  Tick  Fever;  a  still  better 
name  is  East  Coast  Fever.  But  since  the  disease  is  not  limited 
to  Eastern  Africa,  but  has  recentlv  been  traced  to  Asia 
Minor,  in  the  Transcaucasian  country,  the  name  Tropical  Piro- 
plasmosis,  which  is  used  by  the  Russian  investigators,  is  scien- 
tifically the  most  correct. 

GEOGRAPHICAL   DISTRIBUTION    AND    HISTORY. 

Tropical  Piroplasmosis  was  first  seen  in  German  East 
Africa  by  Professor  Koch  in  the  year  1897.  He  then  described 
the  typical  micro-organism  found  in  this  disease,  but  he  con- 

o 


202  Repokt— 1904. 

»idered  them  at  that  time  to  be  young  forms  in  the  development 
of  Piroplaswa  hif/eminum,  the  cause  of  Texas  fever,  and  acc-ord- 
ingly  designated  the  disease  by  that  name.  It  was  in  the  year 
lOf)!  that  the  new  disease  began  to  attract  attention,  south  of 
German  territoricfs.  It  had  broken  out  in  a  cargo  of  cattle  in- 
tended for  the  re-stocking  of  Rhodesia,  which  had  arrived  from 
Xew  South  Wales. 

Thev  were  detained  at  Beira  on  account  of  railwav  wash- 
a  ways  and  other  unavoidable  accidents,  and  while  grazing  on 
the  flats  at  Beira  the  disease  appeared  amongst  them.  It  must 
have  been  previous  to  this  importation  that  Beira  became  in- 
fected, inasmuch  as  there  were  cattle  grazing  which  did  not 
contract  the  disease,  and  were  accordingly  immune. 

The  Australian  cattle  which  became  decimated  by  the  dis- 
ease were  then  brought  to  Umtali,  in  the  hope  that  the  higher 
veld  might  check  the  mortality. 

That  did,  however,  not  happen,  and  finally  the  whole  herd 
was  carried  off  bv  the  maladv.  Later,  the  native  cattle  around 
I;mtali  began  to  contract  the  same  disease,  and  died.  It  is 
probable  that  the  infection  has  spread  from  there  to  Salisbury 
and  along  the  main  road  to  Bulawayo  and  other  parts  of 
Rhfxlesia. 

The  Transvaal  was  invaded  as  earlv  as  Mav,  1902,  when 
the  disease  was  first  noticed  in  Komatiepoort,  and  about  the 
same  time  in  Nelspruit.  The  new  scourge  had  obtained  a  irood 
f exiting  before  the  true  nature  was  recognised,  and  as  Rinder- 
f>est  was  at  that  time  still  raging  in  some  parts  of  the  country 
the  confusion  of  these  two  fatal  diseases  may  be  easily  under- 
stood. 

How  the  disease  came  to  the  Elands  River  Valley  in  the 
first  instance  is  still  a  mystery.  No  connection  can  be  traced 
to  the  outbreaks  in  Rhodesia.  The  only  possible  way  for  its 
importation  was  Delagoa  Bay.  But  all  evidence  seems  to  in- 
dicate that  Delagoa  Bay  became  infected  at  a  later  date  by 
rattle  from  the  East  Coast.  From  Komatiepoort  and  Nelspruit 
the  disease*  spread  to  Swazieland,  the  Eaap  Valley,  and  the 
Lydenburg  District.  The  greatest  portions  of  those  districts 
are  nearly  devastated  of  cattle.  The  disease  was  also  brought 
to  the  high  veld  shortly  after  the  close  of  the  war  by  farmers  rv- 
turning  from  the  Elands  River  Valley,  but  in  these  instances 
although  the  herds  were  completely  destroyed  by  the  disease,  the 
infection  does  not  seem  to  have  remained  behind,  and  no  other 
outbreaks  can  be  traced  back  to  these  herds.  The  disease  was 
brought  into  the  district  of  Pretoria  in  November,  1902,  bv  a 
herd  of  cattle  imported  from  German  East  Africa.  They 
landed  at  Delagoa  Bay,  where  some  of  them  died.  They  were 
then  driven  to  Komatiepoort,  where  they  were  trucked  to 
Machadodorp.  and  from  there  again  driven  to  Pretoria  and  sold 
immediately  on  their  arrival.  Sick  cattle  and  also  dead  ones 
were  left  behind  on  the  road.     The  oxen  were  distributed  over 
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a  large  area,  mostly  in  the  region  behind  the  Magaliesberg  and  in 
the  Rustenburg  District.  On  these  farms  the  disease  established 
itself.  Not  only  were  the  majority  of  the  imported  cattle 
already  sick  at  the  date  of  the  sale  and  died  shortly  afterwards, 
but  the  remainder  of  the  cattle,  together  with  those  which  had 
been  previously  on  the  farms,  began  to  die  some  weeks  later  of 
the  same  disease. 

Some  of  these  cattle  were  brought  to  the  high  veld  and 
died  there ;  they,  however,  did  not  seem  to  have  left  any  infec- 
tion behind.  This  apparent  restriction  of  infection  due  to  alti- 
tude is  an  interesting  point,  and  well  worthy  of  note.  The  fact 
is  that  during  the  last  two  years  the  disease  has  only  spread  in 
the  low-lying  parts  of  the  Transvaal,  and  that  the  high  veld  is 
practically  free  of  it,  although  the  disease  has  at  different  in- 
tervals been  brought  to  the  high  veld.  In  the  course  of  this 
paper  it  will  be  shown  how  these  facts  may  be  interpreted. 

MORBID  CONDITIONS. 

It  was  from  the  very  beginning  observed  that  the  new 
disease  was  not  contagious  in  the  strict  sense  of  the  word,  inas- 
much as  healthy  cattle  could  mingle  with  diseased  cattle  with- 
out any  danger  for  the  time  being.  It  was  also  soon  noticed 
that  certain  localities  had  a  particular  influence  on  the  mor- 
tality, and  when  cattle  were  removed  out  of  these  infected  areas 
into  clean  country  the  disease  stopped  completely.  Some 
localities  are,  indeed,  so  badly  infected,  that  within  a  month 
healthy  cattle  exposed  on  them  will  be  completely  wiped  out. 
Xumerous  observations  have  proved  that  the  sooner  cattle  are 
removed  out  of  an  infected  area  the  less  the  mortality.  This, 
however,  depends  altogether  on  the  degree  of  infection  which 
a  particular  locality  has  undergone. 

When  the  disease  began  to  make  its  appearance  in  the  low 
country  along  the  Delagoa  Bay  line,  and  before  the  danger  was 
apparent,  ox  wagons  from  Lydenburg  District  used  to  go  to 
Nelspruit,  which  was  probably  the  worst  place,  and  still  is  at 
the  present  moment.  Farmers  went  there  with  healthy  cattle. 
They  returned  seemingly  in  a  healthy  condition,  but  from 
about  seventeen  days  afterwards  the  same  cattle  began  to  sicken 
and  died.  The  transport  rider  who  only  used  native  cattle  soon 
realised  that  he  was  dealing  with  something  unfamiliar  to  his 
every-day  experience.  A  transport  rider  who  went  with  his 
cattle  into  an  infected  locality  where  the  disease  was  raging 
naturally  lost  his  whole  span ;  and  although  later  experience 
taught  him  that  the  disease,  although  not  contagious,  was 
liable  to  appear  several  weeks  later  among  the  cattle  on  the 
particular  farm  where  the  diseased  cattle  had  been  running  and 
dying;  and  although  he  must  have  recognised  the  abnormal 
symptoms  quite  unusual  in  the  recent  history  of  any  of  the 
well-known  South  African  diseases;  yet,  notwithstanding  these 
hard  facts,  he  would  not  believe,  nor  does  he  still,  that  he  has 
to  do  with  a  completely  new  disease. 
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The  first  idea,  which  is  even  now  prevalent,  was  that  the 
imported  cattle  in  which  the  disease  appeared  were  not  accus- 
tomed to  the  climate  of  this  countr3\  This  is  an  every-day 
experience,  that  cattle  imported  from  England  or  the  Conti- 
nent, will  die  here  as  soon  as  they  are  exposed  on  pasture. 
Where  the  farmer  failed  to  see  the  difference  was  that 
native  cattle  died  off  in  a  manner  unusual  for  a  non-contagious 
disease.  But  as  usual  he  had  his  argument  to  explain  tlu^ 
difficulty — an  argument  which  will  go  very  far  with  many  a 
South  African  cattle  breeder,  and  which  certainly  for  several 
diseases  is  based  on  good  observations — viz.,  the  unseasonable 
burning  of  the  grass.  Scientifically  we  are  able  to  explain 
many  of  these  observations,  but  in  this  particular  disease  all 
evidence  was  against  the  popular  explanation.  The  war 
was  made  responsible  for  the  untimely  burning  of 
the  grass.  But  the  Boer  farmer,  basing  his  argument 
exclusively  on  local  experience,  will  not  believe  that  the 
same  conditions  hold  good  for  any  part  of  the  Transvaal  where 
the  disease  has  not  yet  appeared.  Notwithstanding  the  many 
arguments  brought  forward,  we  have  been  able  to  prove  the 
real  cause  of  the  dissemination  of  the  disease.  Yet  I  regret 
that  the  advance  which  we  have  made  has  not  been  met  willi 
the  sympathetic  support  of  those  for  whom  it  has  been  pri- 
marily intended.  Naturally,  all  legislation  against  the  disease, 
which  is  based  on  scientific  observations,  is  scouted. 

PATHOLOGY   OF  THE   DISEASE. 

Professor  Koch  described  the  disease,  as  already  men- 
tioned, in  the  first  instance  as  Texas  fever;  this  is  another 
term  for  our  ordinary  South  African  Redwater.  When  th(» 
Australian  cattle  began  to  die  on  the  Beira  flats  it  was  found 
that  Redwater  was  the  cause  of  the  mortality.  There  is  no 
doubt  that  the  first  diagnosis  was  correct.  The  East  Coast  is 
just  as  much  infected  with  Texas  fever  as  it  is  now  with  East 
Coast  fever.  And  Texas  fever,  running  a  shorter  period  of 
incubation  and  disease,  necessarily  showed  itself  first  in  the 
herd,  coming  from  a  country  where  there  was  no  such  disease. 
After  the  herd  was  removed  to  I^mtali  the  mortality  still  con- 
tinued, but  now  the  disease  was  altered  in  type.  Micro-j)ara- 
sites  in  the  blood  were  found  to  be  present,  the  same  as  Pro- 
fessor Koch  had  previously  described  as  young  forms  of  tlie 
Texas  fever  parasite.  After  a  lapse  of  some  time  th<»  new 
disease  showed  itself  amongst  native  cattle  and  the  cattle  of 
transport  riders,  which  were  considered  to  be  immune  against 
ordinary  Redwater. 

The  cause  of  this  was  thought  to  be  an  increased  virulency 
of  the  micro-parasites,  due  to  their  passage  through  the  highly 
susceptible  Australian  cattle.  In  addition  to  this,  certain 
symptoms,  such  as  haemoglobinuria,  not  properly  undeistood  at 
tiie  time,  helped  to  identify  the  disease  with  the  already  exist- 
ing Texas  fever. 
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The  observation  of  its  spreading  and  general  behaviour,  a» 
already  pointed  out,  indicated  that  the  cause  must  be  identical 
witli  that  of  Texas  fever.  Although  we  now  distinguish  be- 
tween the  two  diseases,  the  fact  remains  that  they  belong  to 
one  and  the  same  group,  which  are  scientifically  termed  piro- 
plasniosis,  being  due  to  micro-organisms  investing  the  red 
corpuscles  of  the  blood.  There  exists  in  South  Africa  a  similar 
disease  in  horses,  mules,  and  donkeys,  and  also  in  dogs,  whic'. 
is  commonly  called  Biliary  fever. 

The  micro-organism  is  called  piroplasma. 

The  one  found  in  Texas  fever  was  first  described  under  the 
term  Pirosoma  bigeminum,  the  name  given  by  its  discoverers. 
Smith  and  Kilborne,  on  account  of  the  pear-shaped  form,  two 
parasites  usually  hanging  together.  These  parasites  are  rather 
big,  and  very  often  reach  in  length  the  whole  diameter  of  a 
red  corpuscle.  Another  form  of  the  same  parasite  is  the 
spliericle  parasite,  a  round  disc,  which  is  usually  met  with  in 
the  dead  animal.  This  indicates  that  it  is  a  later  form  of  the^ 
pear-shaped  one.  When  using  the  dift'erent  modifications  of 
Komanowsky's  stain,  for  instance,  Ginsa's  Azur  II.,  within  the 
parasite,  a  deep  violet-stained  chromatic  body  is  recognised,, 
which  represents  the  nucleus  of  the  cell  and  is  called  karyo- 
soma. 

The  cytoplasma  of  the  parasite  usually  takes  a  bluish  tinge. 
The  karyosoma  lies  always  on  the  margin  of  the  parasite,  in 
the  pear-shaped  form  near  the  big  curve.  The  spherical  form 
has  the  aspect  of  a  ring,  not  unlike  the  ring  forms  described  in 
tropical  malaria  of  men.  The  karyosoma  is  as  a  rule  well 
defined,  but  chromatic  substance  is  sometimes  also  met  with  un- 
connected with  the  nucleus,  and  fretiuently  quite  opposite  it. 
The  piroplasma  must  be  regarded  as  belonging  to  the  protozoa 
order,  and  may  be  ranged  in  under  the  haemosporidia,  thus 
showing  a  certain  relaticmship  to  the  parasites  in  malaria  of 
men  and  birds. 

The  multiplication  of  the  piroplasma  takes  place  in  the 
blood,  two  and  more  individuals  linked  together  indicating  the 
division  they  had  undergone;  but  intermediate  forms  are  also 
observed,  where  the  karyosoma  flattens  out,  showing  a  groove 
from  which  the  fission  starts.  This  process  of  multiplicaticm 
corresponds  to  the  invasi(m  of  the  blood  corpuscles  by  the 
Plasmodium  of  malaria,  which  is  called  Schizogeny,  that  is  the 
asexual  phase  in  the  life  cycle  of  the  parasite. 

The  sexual  development  or  Sporogeny  takes  place  in  the 
case  of  Plasmodium  in  the  body  of  a  mosquito,  and  from  analogy 
we  are  entitled  to  the  hypothesis  that  sporogeny  also  takes  place 
in  tlie  body  of  the  intermediate  host  of  piroplasma,  that  is,  in 
this  instance,  the  tick.  I  have  dwelt,  with  purpose,  somewhat 
extensively  on  the  description  of  the  parasite  of  Texas  fever, 
l)erau8e  this  is  the  prototype  of  the  genus  piroplasma,  and 
because  it  plays  a  very  important  role,  as  will  be  shown  later. 
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in  connection  with  the  disease  under  discussion.  The  parasite 
of  East  Coast  fever,  at  one  time  considered  to  be  the  young  or 
intermediate  form  in  the  life  cycle  of  the  Piroplasma  higcmi- 
nuvi,  is  now  regarded  as  a  special  species.  It  is  a  very  small 
piroplasma,  and  differs  also  in  shape.  There  are  two  types,  the 
spherical  and  the  bacillary  one.  The  Azur  stain  also  brings 
out  the  chromatic  body  and  the  cytoplasma.  The  spherical 
forms  then  have  the  aspect  of  a  ring,  smaller  than  the  one 
mentioned  before,  but  varying  in  size  and  shape  considerably. 
They  are  either  very  small  and  round;  when  larger,  their 
shape  is  sometimes  oval  or  elongaied.  These  forms  are  gener- 
ally designated  as  rings.  The  bacillary  form  may  be  compared 
with  a  pin,  which  has  a  large  head,  in  which  the  karyosoma 
lies;  the  cytoplasma  is  drawn  out  into  a  tine  line,  which  is 
either  straight  or  curved.  The  criterion  of  the  Protozoic 
character  of  these  things  is  the  typical  staining  of  the  nucleus 
by  the  method  of  Romanowsky  or  its  modification. 

PROPAGATIOX  OF  TIIE   PIROPLASMA   IX   A   SICK   ANIMAL. 

When  we  examine  the  blood  of  an  ox  infected  with  Coast 
fever  whose  temperature  just  begins  to  rise,  we  see  little  amiss 
during  the  first  few  days.  When,  after  the  lapse  of  about 
three  days,  the  typical  parasit^^s  make  their  appearance,  they 
increase  every  day,  and  the  longer  the  animal  lives  the  greater 
the  number  of  the  parasites,  which  may  become  so  frequent 
that  nearly  every  corpuscle  becomes  infested.  An  individual 
<'orpu8cle  may  show  two  or  more  parasites ;  sometimes  it  is 
quite  full.  Both  forms,  round  and  bacillary  ones,  are  sometimes 
met  with  in  one  and  the  same  cell.  It  is  quite  exceptional 
that  the  animal  dies  with  only  a  limited  number  of  erythrocy- 
tical  infection.  I  have  the  record  of  such  a  case,  where  only 
about  10  per  cent,  of  these  cells  were  invaded,  but  more  were 
found  in  the  blood  of  different  organs.  Pure  East  ('oast  fever 
shows  nothing  else  but  the  piroplasma  of  the  small  t^-pe:  a 
certain  percentage  of  the  sick  animals  show  in  their  blood  also 
the  Piroplasma  higemininn,  and  this  fact  was  one  of  the  reasons 
why  the  disease  was  first  declared  to  be  identical  with  Texas 
fever. 

In  a  series  of  experiments,  which  had  as  their  object  to 
make  sure  that  animals  highly  immunised  against  Texas  fever 
would  succumb  to  the  new  disease,  thus  proving  the  distinct- 
ness of  the  two  diseases,  we  were  struck  to  find  in  sevc^ral 
highly  immune  oxen  Piroplasjua  higevnnum.  There  is  only 
one  way  to  explain  this  occurrence  of  Texas  fever  parasites  in 
immune  cattle  suffering  from  East  Coast  fever.  The  fact  is 
that  an  ox  which  has  recovered  from  Texas  fever  still  carries 
the  piroplasma  in  its  blood  in  another  shape.  We  can  easily 
prove  this  by  injecting  blood  of  a  recovered  ox  into  susceptible 
cattle,  in  which  case  typical  redwater  will  follow.  In  the  case 
of  East  Coast  fever  mixed  with  Texas  fever  in  an  animal  im- 
mune against  the  latter  disease,  the  immunity  has  ceased  1o 
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exist,  and  a  reappearance  of  the  Piroplasma  higeminum  under 
its  usual  aspect  is  the  result.  The  same  observations  were  re- 
peatedly made  in  connection  with  rinderpest  and  other  dis- 
eases, where  probably  the  high  fever  and  other  influences  lower 
the  acquired  immunity  and  thus  favour  the  recrudescence  of 
piroplasma.  In  the  instances  quoted  the  Piroplasma  hige- 
ininum  appeared  towards  the  end  of  the  disease,  that  is,  very 
long  after  the  usual  incubation  time  for  Texas  fever.  In  some 
cases,  rare  however,  the  big  piroplasma  is  first  met  with,  and 
only  later  bacillary  forms  appear.  These  exceptions  are  met 
with  in  cattle  not  immune  against  redwater,  and  must  be  inter- 
preted as  a  simultaneous  infection  with  both  diseases. 

EFFECT  OF  THE  PIROPLASMA  OX  THE  RED  CORPUSCLES. 

It  will  be  expected  that  the  invasion  of  such  a  number  of 
red  corpuscles  as  indicated  above  bj^  bacillary  piroplasma  can- 
not remain  without  some  influence. 

One  would  naturally  expect  a  considerable  decrease  of  red 
blood  cells  in  the  first  instance,  but  this  is  not  the  case.     Re- 
cords carefully  made  every  day  during  the  course  of  the  disease 
revealed  the  remarkable  fact  that  the  number  of  erythrocytes 
<loes  not  suffer  very  much,  in  some  instances  not  at  all.     Nor- 
mally about  six  millions  per  millimeter  cube,  they  drop  in  this 
-disease  to  about  four  millions,  rarely  less,  and  not  always  even 
then,  after  the  Piroplasma  higeminum  has  made  its  appearance. 
In  a  pure  infection  with  this  latter    parasite    the    number    of 
-corpuscles  may  drop  to  one  million,  and  even  less,  thus  causing 
an  acute  anaemia.     The  disease  thus  naturally  runs  a  compara- 
tively short  time,  death  being  due  to  the  lack  of  proper  oxida- 
tion.      There  is  certainly  a  breakdown  of  red  corpuscles,  but 
not  sufficiently  strong  enough  to  discolour    the    serum    of  the 
blood  or  to  produce  haemoglobinuria,  which  is  a  natural  result 
in  the  case  of  Texas  fever.     We  have  carefully  examined  many 
cases  which  were  complicated  with  haemoglobinuria,  and  we 
have  noticed  that  in  nearly   every  instance  where  the  discolora- 
tion of  the  urine  was  observed,  the  presence  of  the  big  piro- 
plasma could  be  traced.     The  effect  of  the  breaking  down  of  a 
certain  number  of  red  corpuscles  showed  itself  in  the  jaundiced 
f^ondition  of  the  liver,  and  very  often    of    the    whole    system. 
There  are  typical  lesions  found  in  the  disease,  probably  due  to 
the  unusual  multitude  of  parasites  in  the  different  organs,  and 
probably  due  to  a  toxic  influence  these  parasites  have  on  the 
tissue. 

Experimental  research  has  resulted  in  the  fact  that  East 
"Coast  fever  is  not  communicable  by  inoculation  with  blood 
taken  from  a  sick  ox,  even  though  this  blood  is  swarming  with 
parasites.  We  have  done  this  experiment  with  over  thirty 
different  animals,  belonging  to  different  breeds  and  of  different 
ages.  The  injections  were  made  in  quantities  of  blood  ranging 
from  5  c.c.  up  to  2  litres,  either  directly  under  the  skin,  in  the 
jugular  vein,  or  in  the  peritoneum.       Not  even  a  febrile  re- 
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action  could  be  noticed,  even  after  several  injections  of  blood. 
Certainly,  some  animals  showed  fever,  but  we  always  could 
trace  it  to  some  cause,  either  to  the  simultaneous  incorporation 
of  the  Pi) o plasma  bigemiiiurii  or  the  cattle  trypanosoma,  which 
were  latent  in  the  injected  blood.  In  two  instances  death  re- 
sulted from  inoculation,  but  this  was  due  to  a  simultaneous  in- 
fection with  Heartwater,  as  inoculation  into  sheep  proved.  All 
the  animals  injected  which  were  later  exposed  to  natural  in- 
fection contracted  the  disease  and  died,  thus  indicating  that 
the  inoculation  did  not  produce  any  immunity.  This  fact 
stands  alone.  Texas  fever,  the  other  pyrosomical  disease  of 
cattle,  and  piroplasmosis  of  the  dog  behave  quite  differently, 
inasmuch  as  blood  taken  from  sick  or  recovered  animals  will 
under  all  circumstances  produce  the  disease,  when  injected  into 
healthy  susceptible  animals  of  the  respective  species.  It  is 
difficult  to  explain,  and  certainly  disheartening,  as  the  first  con- 
dition for  a  preventive  inoculation,  the  artificial  production  of 
the  disease,  is  wanting. 

Professor  Koch  has  shown  that  the  inoculation  of  sick 
blood,  repeated  at  intervals,  may  be  followed  by  the  appearance 
of  singular  parasites  in  the  injected  animals.  He  found  the 
same  to  be  the  case  with  blood  from  immune  animals,  from 
which  he  drew  the  conclusion  that  gradually  immunity  will  be 
brought  on.  Admitting  the  correctness  of  this  observation,  I 
am  induced  to  believe,  based  on  my  own  experiments,  that  the 
symptoms  are  not  exclusively  limited  to  the  injection  of  sick 
or  recovered  blood,  taken  from  East  Coast  fever  cases.  I  will 
revert  to  these  points  further  on  in  this  paper. 

IXCUBATION  AND    CGI  USE  OF   THE   DISEASE. 

I  have  already  pointed  out  certain  conditions  of  the  ap- 
pearance of  the  disease  amongst  cattle  which  have  been  exposed 
to  natural  infection  and  were  removed  out  of  the  infection. 
We  have  seen  that  a  certain  period  elapses  before  the  animala 
show  any  visible  symptoms  of  the  malady.  This  time  includes 
the  incubation  period.  We  have  kept  a  careful  record  of  ani- 
mals exposed,  and  also  of  animals  which  we  infected  at  our 
laboratory  with  ticks,  and  I  found  that  this  incubation  time 
averaged  about  twelve  days,  the  shortest  record  was  ten  days, 
and  the  longest  twenty  days.  During  this  time  nothing  is 
amiss  with  the  animal.  Then  suddenly  the  temperature  risea 
up  to  a  very  high  degree,  reaching  sometimes  107°  F.  It  is 
rare  tliat  the  fever  increases  only  gradually,  rising  every  sub- 
sequent day  higher  and  higher  until  it  has  reached  its  maxi- 
mum. The  fever  now  keeps  on  for  the  next  few  days,  and  not- 
withstanding the  high  temperature  very  rarely  outward  symp- 
toms are  met  with  before  the  last  few  days  till  death.  The^ 
fever  period  averages  about  thirteen  days.  The  minimum 
period  was  six  days  and  the  maximum  twenty  days. 

The  symptoms  during  life  are  not  very  marked,  so  as  to- 
be  able  to  diagnose  the  disease  to  be  one  of  East  Coast  fever 
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under  all  circumstances.  Loss  of  condition  is  almost  the  first 
sign.  Towards  the  end  loss  of  appetite,  stopping  of  rumination 
are  noticed.  In  addition  to  this  comes  an  increased  secretion 
of  the  different  glands  of  the  head,  showing  itself  in  slight 
running  of  the  eyes,  dropping  of  saliva  from  the  mouth,  and 
even  discharge  from  the  nose.  In  many  cases  diarrhoea  is 
present.  The  sum  total  of  these  symptoms  forms  a  picture 
similar  to  Rinderpest,  with  the  difference  tliat  tlie  secretion  is 
not  so  intense  as  in  the  latter  disease.  Some  animals  show 
also  a  swelling  of  the  lymphatic  glands  of  the  head  and  throat. 
The  animal  may  die  suddenly  seized  with  fits,  or  after  a  pro- 
longed coma.  The  uncertainty  of  the  outward  symptoms  neces- 
sitates a  microscopical  diagnosis,  which,  as  shown  before,  is 
possible  in  every  case ;  the  number  of  parasites  being  present  in 
enormous  qiunitities  at  that  particular  period  of  the  disease. 

NATURE  OF  THE  DISEASE. 

The  post-mortem  reveals  some  typical  lesions.  There  is, 
in  many  instances,  an  cedematous  condition  of  the  lungs.  The 
(pdema  being  so  strong  that  white  foam  protrudes  from  the 
nose,  this  phenomenon  and  the  collection  of  the  liquid  in  the 
lungs  resemble  very  greatly  the  disease  commonly  known  as 
horse  sickness.  There  may  or  may  not  be  a  collection  of  liquid 
in  the  pleural  cavity  and  also  in  the  pericardium,  accumulating, 
sometimes,  in  rather  large  quantities.  It  is  due  to  this  symp- 
tom that  the  disease  is  sometimes  mistaken  for  heartwater  in 
cattle,  another  South  African  tick  disease.  There  is  often  a 
hemorrhagic  inflammation  of  the  pleura  of  the  lungs  and  of 
the  ribs,  and  very  often  hemorrhagic  infarcts  in  the  lung 
tissue. 

The  liver  is  nearly  in  every  instance  involved  in  a  process 
of  disintegraticm.  That  organ  is  usually  enlarged  and  changed 
in  colour;  a  .jaundiced  state  is  generallj^  noticed,  sometimes  only 
hyperemia,  but  usually  also  a  fatty  degeneration  is  present. 
The  specific  appearance  is  presented  by  the  so-called  white 
infarcts.  They  are  present  only  in  the  minority  of  cases,  but 
sometimes  are  so  numerous  that  the  liver  has  a  mottled  aspect. 
These  infarcts  are  small  patches  of  local  necrosis.  The  bile  is 
usually  changed  in  colour  and  consistency;,  as  may  be  expected 
from  the  condition  of  the  liver.  This  circumstance  led  to  the 
popular  belief  that  the  disease  was  gall-sickness,  which  it  may 
he  remarked  is  the  name  commonly  given  by  farmers  to  all 
diseases  of  the  liver  without  distinction.  The  spleen  is  occa- 
sionally enlarged,  rarely  in  the  cases  of  pure  bacillary  infection, 
but  nearly  always  after  the  Piroplasmu  higeminum  has  made 
its  appearance,  in  which  instance  the  general  aspect  of  ordinary 
redwater  is  apparent.  The  kidneys  also  show  in  the  majority 
of  instances  typical  lesions  in  the  form  of  infarcts.  These  are 
usually  white,  sometimes  red,  or  mixed  in  colour,  protruding 
slightly  over  the  surface,  and  giving  that  organ  a  mottled 
appearance. 
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A  peculiar  phenomenon  of  this  disease  are  lesions  of  gas- 
troenteritis, sometimes  so  well  pronounced  that  rinderpest  is 
suspected,  the  principal  difiPerence  being  the  absence  of  necrosis 
of  the  Peyer  patches  of  Rhodesian  tick  fever.  In  addition  to 
these  symptoms  comes  the  enlargement  of  nearly  all  lymphatic 
glands,  the  collection  of  serous  liquid  in  the  serous  membranes, 
usually  a  general  anaemia,  and  sometimes  a  jaundiced  condi- 
tion.    The  blood  cells  show  nothing  particular  microscopically. 

SrSCEPTIBILITY    OF   THE    DIFFEK?:NT    BREEDS    OF    CATTLE. 

In  the  introduction  of  this  paper  it  was  stated  that  East 
Coast  fever  was  first  noticed  to  cause  serious  damage  to  im- 
ported cattle.  In  the  Transvaal,  however,  the  first  observers 
found  the  disease  amongst  native  stock  accustomed  to  all  con- 
ditions of  climatic  influence  and  change  of  pasture.  The  im- 
portance of  these  observations  was  not  given  due  place,  and  is 
still  overlooked.  The  cattle  which  sickened  first  in  Komatie- 
poort  were  low  veld  cattle-  viz.,  cattle  which  for  the  last  two 
or  three  years  had  been  on  pasture  where  freshly-imported 
stock  from  the  high  veld  do  not  thrive  well.  It  is  quite  true 
that  the  disease  was  carried  to  our  immediate  neighbourhood 
bj'  imported  cattle,  but  it  was  also  conveyed  by  low  veld  cattle. 
But  before  all  these  facts  were  realised  a  certain  series  of  ex- 
periments were  undertaken  with  the  intention  of  guiding  us  on 
to  some  practical  phm  for  the  importation  of  cattle  for  the 
purpose  of  re-stocking  the  country.  We  exposed  several  lots  of 
cattle  coming  from  many  difterent  localities.  Cattle  born  in 
the  Transvaal,  cattle  from  the  redwater  regions  of  the  Cape, 
cattle  from  Madagascar,  cattle  from  Somaliland,  cattle  im- 
ported from  Texas  and  supplied  by  the  Land  Department,  cattle 
from  Queensland,  were  exposed  to  natural  infection,  with  the 
result  that  they  all  succumbed  to  the  disease  within  the  typical 
incubation  time.  On  the  suggestion  of  Mr.  Stockman,  Princi- 
pal Veterinary  Surgeon  for  the  Transvaal,  who  had  observed 
that  buffaloes  have  much  resistance  to  Texas  fever  in  In<lia,  an 
Indian  buffalo  and  an  Indian  ox  were  exposed,  with  the  result 
that  they  both  contracted  the  disease  and  died.  This  experi- 
ence has  some  significance  for  us,  inasmuch  as  that  we  may 
expect  that  the  rare  South  African  buffaloes  will  finally  meet 
with  a  like  fate. 

Rinderpest  ravaged  the  buffalo  species ;  it  can  hardly  be 
hoped  that  the  scattered  remnant  will  survive  a  second  insidious 
decimating  disease. 

Again,  <m  the  suggestion  of  Mr.  Stockman,  camels  were 
exposed  to  the  strongest  infection  we  could  possibly  find,  and 
the  experiments  which  have  been  conducted  so  far  have  shown 
that  they  do  not  contract  the  disease.  In  the  future  it  may 
become  necessary  that  we  substitute  for  our  oxen,  which  cannot 
live  in  infected  areas,  some  other  animals.  Experienc^e  has 
proved  that  the  camel  is  quite  suitable.  So  far  as  our  observa- 
tions go,  game,  such  as  wild  bucks,  do  not  contract  the  disease, 
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neither  do  horses  nor  asses  nor  their  hybrids ;  neither  do  sheep 
nor  goats. 

The  disease  is  limited  to  the  bovine  species. 

MORBIDITY    AND    MORTALITY. 

Our  experience  shows  that  in  a  badly-infected  area  no  sus- 
ceptible animal  escapes  the  disease,  and  therefore  we  can  safely 
put  the  morbidity-  at  100  per  cent.  It  is  quite  true  that  for  a 
certain  period  some  cattle  may  escape  the  disease  for  some 
reason  or  other,  even  on  a  badlv  infected  place,  but  finally  they 
do  contract  the  disease.  We  have  observed  that  some  cattle, 
exposed  to  the  strongest  infection  obtainable,  lived  for  some 
months,  whereas  their  mates  exposed  at  the  same  time  died 
within  the  typical  time.  We  certainly  do  not  go  very  far 
wrong  in  stating  that  all  cattle  are  susceptible  to  East  (^oast  fever. 

Concerning  mortfility,  we  have  the  experience  of  the  above 
mentioned  lot  of  a  thousand  Australian  cattle  which  all  died. 
We  have  in  the  Transvaal  many  a  sad  case  illustrating  the 
pernicious  nature  of  East  Coast  fever.  It  may  be  interesting 
to  quote  the  incident  at  Komatiepoort,  where,  out  of  five  hun- 
<lred  Africander  cattle,  only  twenty-four  survived,  equal  to  less 
tlian  5  per  cent.  This  figure  may  be  accepted  as  the  average 
recovery.  This  percentage  is  equal  to  that  of  rinderpest,  with 
Ihe  essential  difference  that  rinderpest  is  a  contagious  disease 
which  has  disappeared,  while  East  Coast  fever  is  destined  to 
remain.  The  total  loss  from  this  disease  in  South  Africa  may 
be  estimated  at  over  thirty  thousand  head  of  cattle. 

NATURAL  PROPAGATION  OF   THE   DISEASE. 

East  Coast  fever  being  a  piroplasma  disease,  led  investiga- 
tors to  believe  that  it  must  be  carried  by  ticks.  All  evidence 
about  its  originating  and  spreading  pointed  to  tick  infection. 
Mr.  Lounsbury,  the  Cape  Entomologist,  was  the  first  to  prove 
that  a  certain  species  of  tick  communicated  the  disease.  This 
tick  is  what  is  now  comuKmly  called  the  brown  tick  (Rhipice- 
phalus  appen(liculatii.s).  The  name  brown  tick  is  derived 
from  the  colour  of  a  male  or  an  unengorged  female.  This  is  a 
very  common  tick  in  the  low  veld,  where  it  attacks  all  species 
<)f  domesticated  animals,  but  preferably  the  ox.  The  favourite 
resting  place  of  this  tick  is  inside  the  hairy  margin  of  the  ear, 
where  it  may  sometimes  be  found  in  scores.  It  is  but  rarely 
met  with  on  the  body  of  an  animal.  The  tick  seems  to  prefer 
ihe  warmer  districts  where  there  are  bushes  present.  It  be- 
comes rarer  on  the  higher  altitudes,  and  is  not  found  on  the 
high  veld.  The  tick  was  in  the  country  before  the  disease  was 
here.  Coast  fever,  therefore,  found  the  necessary  condition  for 
its  propagation.  The  life-cycle  of  the  brown  ticks  is  as  fol- 
lows: — The  engorged  female  drops  off  a  beast,  hides  herself, 
and,  after  a  few  days,  averaging  about  five,  she  begins  to  lay 
•eggs.        This  may  last  many  weeks,  then   the   female's  body 
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gradually  becomes  retracted,  discoloured,  and  she  finally  di  »^. 
She  remains  alive  sometimes  as  long  as  till  the  time  when  the 
("gf^a  are  already  hatched.  The  eggs  laid  number  several  thou- 
sands. They  are  egg-shaped,  and  of  a  brown  colour.  During 
the  incubation  period,  while  the  young  tick  is  hatching,  the 
shell  of  the  vgg  undergoes  a  transformation  in  its  colour. 
Presently  a  white  spot  is  noticed,  about  the  middle  of  the  i}ggy 
which  corresponds  to  the  anus  of  the  larva  inside.  The  brown 
colour  gradually  fades  away  and  becomes  white,  when  the  shell 
breaks,  and  the  freshly-born  larva  creeps  out.  The  hatching 
l)eriod  varies  according  to  the  season.  It  averages  about  60 
days;  in  summer  it  may  be  shorter,  and  in  winter  time  it  is 
lonp-er. 

Th(»  newly-hatched  larva  has  six  legs.  It  crawls  slowly  at 
the  beginning  on  the  egg  shells.  Its  body,  mouthpiece,  and 
legs  are  whitish  and  soft.  Gradually  the  colour  changes  into 
brown,  and  the  little  creature  becomes  stronger  and  more  active. 
It  now  creeps  away  from  its  hatching  place,  not  very  far,  how- 
<»v(»r,  but  climbs  to  the  top  of  grass  and  bushes.  Here  it  awaits 
its  chances  to  find  a  host.  As  a  rule  it  keeps  quiet,  but  becomes 
very  active  when  disturbed,  and  it  may  then  be  seen  to  stretch 
out  its  forelegs  to  catch  the  passing  host. 

It  is  endowed  with  longevity.  Larva?  kept  in  glass  bottles 
will  live  at  least  three  months,  and  probably  even  longer, 

After  having  found  a  host,  preferably  the  ox,  the  larva 
l)(»gins  to  suck  blood.  I  have  made  in  my  laboratory  a  series  of 
observations  which  show  that  a  minimum  of  four  days  are  re- 
(|uired  for  the  repletion ;  but  sometimes  a  week  and  even  longer. 
The  engorged  larva  now  drops  and  hides  away  in  th(»  ground. 
The  colour  of  the  larva  directly  after  sucking  is  dark  blue 
when  pure  blood  is  imbibed.  It  may  be  more  or  less  red  and 
even  ([uite  white  when  the  nutriment  is  derived  from  the  blood 
plasma  or  the  lymph.  When  kept  in  a  glass  bottle  the  en- 
gorged larva  crawls  around  the  first  few  days,  and  then  settles 
<lown,  to  undergo  the  moulting  process. 

Discoloration  begins  at  the  mouth  part,  which  becomes 
white,  and  from  thence  the  whole  body  is  gradually  involved. 
After  about  four  weeks,  S(M)ner  in  summer  and  later  in  winter, 
the  skin  is  cast  and  the  new  creature,  with  eight  legs,  tlie 
nympha,  emerges.  It  is  larger  than  the  original  larva ;  and, 
just  as  the  larva  was  after  hatching,  is  colourless.  During  the 
next  few  days  the  brown  colour  appears,  and  the  young  creature 
crawls  about  to  look  for  some  resting  place,  where  it  will  wait 
for  a  host  in  the  same  manner  as  the  larva  did.  The  nympha 
is  likewise  endowed  with  longevity,  and  lives  in  the  glass  bottle 
at  least  three  months,  but  probably  longer  under  natural  condi- 
tions. When  a  host  is  found  the  repletion  of  the  nympha 
begins,  which  usually  lasts  from  four  days  to  a  week.  The  en- 
gorged nympha  drops  again,  hides  away,  undergoes  a  moulting 
process,  which  in  its  outside  aspect  is  similar  to  the  one  in  thc" 
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larva,  and  after  a  lapse  of  about  a  month,  sooner  in  summer 
and  later  in  winter,  the  adult  ticks  appear,  either  as  male  or 
female.  Neither  larvae  nor  nymphae  have  sexual  organs.  The 
adult  ticks  which  emerge  from  the  nymphal  skin  are  almost 
colourless,  but  within  a  very  few  days  the  normal  brown  colour 
appears.  The  tick  becomes  stronger,  and  is  soon  on  the  look- 
out for  a  host.  It  may  be  found  in  the  field  on  the  top  of 
grasses  motionless,  but  as  soon  as  it  is  disturbed  the  front  legs, 
which  serve  as  feelers,  are  moved  about  to  seek  attachment. 

As  already  pointed  out,  the  sexual  adult  ticks  are  princi- 
pally met  with  in  the  ear,  whereas  larva  and  nympha  attacli 
themselves  to  any  part  of  the  body.  The  adult  tick  which 
does  not  find  a  host  may  live  for  many  months ;  such  ticks  can 
easily  be  kept  in  the  laboratory-  for  over  three  months,  but  as 
soon  as  they  have  been  feeding  once  and  have  left  the  host  they 
usually  die  within  a  very  few  days.  The  sexes  mate  on  the 
host  after  a  few  days,  and  not  unless  the  male  and  the  female 
have  had  a  good  feed  first. 

The  fertilized  female  engorges  now  rapidly,  and  may 
within  a  day  reach  an  enormous  size.  She  drops  usually  from 
the  fifth  day,  hides  away,  and  begins  laying  eggs.  The  male 
remains  on  the  host,  and  may  be  found  there  after  months. 
The  female  which  does  not  find  a  male  does  not  engorge,  and 
may  then  also  make  a  long  stay  on  the  host.  Thus  the  brown 
tick  has  in  his  life-cycle  to  feed  three  times,  for  which  purpose 
he  really  needs  three  hosts;  accordingly,  the  conditions  for  his 
propagation  are  not  very  favourable.  The  transmission  of  the 
disease  is  carried  out  by  this  species  of  tick,  not  in  the  manner 
as  is  generally  believed,  viz.,  that  a  tick  feeds  on  a  sick  beast 
and  then  crawls  over  to  another,  into  which  it  injects  the  poison. 
The  adult  tick  when  once  he  has  found  his  host  does  not  leave 
him,  or  then  only  accidentally  or  when  the  host  dies.  But  ticks 
collected  from  <lead  and  sick  cattle  and  placed  on  liealthy  cattle 
have,  in  my  experiments — and  they  were  made  at  least  on  a 
dozen  animals — failed  to  produce  the  disease.  There  is  only 
one  successful  experiment  carried  in  the  way  indicated  on 
record,  that  is  bv  Mr.  Lounsburv,  with  ticks  taken  from  deal 
cattle  at  Xelspruit. 

We  may  take  it  as  granted  that  once  a  tick  has  bitten  it 
has  discharged  the  infection.  In  Mr.  Lounsbury's  experiment 
probably  a  tick  was  used  which  had  not  yet  been  feeding.  It 
was  thought  at  the  beginning  that  the  inJEection  would  be  taken 
by  the  adult  female  and  then  be  passed  through  the  egg  into  th'.» 
larva,  as  is  the  case  in  Texas  fever,  but  Mr.  Lounsbury's  ex- 
periments as  well  as  mine  have  failed  in  this  respect. 

Again,  judging  from  analogy  with  biliary  fever  in  dogs, 
where  the  infection  is  taken  by  an  adult  female,  passed  through 
the  egg,  through  the  larva  and  nympha,  again  into  the  adult 
stage,  and  so  finally  producing  the  disease,  it  was  thought  that 
the  sexual  tick  was  the  only  one  capable  of  producing  the  dis- 
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ease.  But  such  experiments  gave  negative  results.  On  the 
other  hand,  all  experiments  undertaken  with  adults  which  had 
been  feeding  as  nymphsB  on  sick  cattle  succeeded. 

I  have  been  able  to  produce  the  disease  in  this  way  in 
eight  different  oxen.  The  adults,  of  course,  might  have  con- 
tracted the  infection  either  in  their  larvae  or  in  their  nymphal 
state.  Therefore  I  took  nymphse  which  originated  from  larvae 
that  had  been  feeding  on  healthy  cattle.  The  mother  tick  also 
came  from  healthy  cattle.  I  placed  them  on  a  sick  ox.  After 
moulting  they  produced  the  disease  in  four  oxen,  thus  proving 
that  the  infection  can  be  received  in  the  nymphal  stage  and 
communicated  in  the  adult  stage.  The  same  observation  was 
made  with  regard  to  larval  ticks  which  originated  from  healthy 
cattle.  They  were  fed  on  sick  cattle,  and  after  moulting  they 
were  placed  as  nymph«  on  healthy  cattle.  Two  oxen  which 
were  experimented  with  in  this  way  contracted  the  disease  and 
died. 

Thus  East  Coast  fever  is  transmitted  by  the  nymphse  and 
adults  of  the  brown  tick.  An  important  factor  to  ascertain  was 
whether  an  inf<?ction  which  was  received  by  larvae  could  be 
passed  through  nvmphae  into  the  adnlt.  In  other  words, 
whether  a  tick  could  communicate  the  disease  twice.  Two  ex- 
periments were  made  where  adult  ticks  which  as  nymphae  had 
produced  the  disease  were  placed  on  cattle,  but  they  failed 
to  pass  on  the  disease. 

Although  we  have  to  repeat  these  tests  on  a  larger  scale, 
the  experiment  indicates  that  a  tick  communicates  the  disease 
probably  only  once  in  its  life  cycle.  Field  investigations  seem 
to  point  to  this,  inasmuch  as  it  is  an  every-day  experience  that 
only  cattle  spread  the  disease,  but  not  horses  or  other  animals, 
although  they  may  carry  the  ticks.  I  have  further  ascertained 
that  it  is  the  tick  which  is  feeding  on  an  animal  during  the 
time  when  the  piroplasma  is  in  the  blood  which  carries  the  dis- 
ease, and  not  the  tick  which  drops  during  tlie  incubation  time. 
With  regard  to  the  quantity  of  ticks  required,  my  experiments 
show  tliat  two  ticks  are  quite  sufficient  to  cause  the  malady  to 
appear  in  the  typical  period.  Probably  one  infected  tick 
would  be  able  to  do  the  same.  Therefore  not  many  ticks  are 
required  to  infect  a  farm.  The  question  whether  other  ticks 
will  also  cause  the  disease  is  an  important  point,  since  the  Blue 
tick  (KJtipiccphahis  drcoloratus),  the  Eed  tick  (Rhipicephalus 
Ervrtsv),  and  the  Bont  leg  tick  (Hyaloinmu  Aegyptiuvi)  are 
very  common,  and  are  found  in  nearly  every  part  of  the  coun- 
try. I  have  tested  blue  ticks  on  six  different  oxen  with  nega- 
tive results.  Similar  was  the  experience  of  Mr.  Lounsbury, 
who  also  failed  in  every  instance  to  produce  the  disease.  The 
blue  ticks  beluive  (piite  differently  from  the  brown  tick.  The  larva 
which  has  found  a  host  moults  into  a  nympha,  and  the  nympha 
into  the  adult  on  the  same  host.  Therefore,  the  infection 
would  have  to  go  through  the  eggy  as  it  does  in  Texas  fever. 
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This  is  uot,  however,  the  case  with  the  brown  tick,  and  therefore 
much  less  with  the  blue  one.  The  red  tick  has  also  proved  to 
be  harmless.  This  tick  leaves  its  host  as  a  nympha,  it  moults 
as  larva  into  a  nympha  in  the  inside  of  the  ear.  I  have  col- 
lected such  nymphsB  from  sick  cattle  and  placed  them  on  healthy 
cattle  as  adults,  but  failed  to  transmit  the  disease.  The  bont 
leg  tick  is  most  difficult  to  rear.  It  is  only  found  as  an  adult 
on  cattle.  Larvae  will  not  bite,  and  nymphae  are  not  yet 
known.     We  may  safely  exclude  this  tick. 

There  is,  however,  another  species  {lihipiccphaJus  sivius), 
commonly  called  the  black  pitted  tick.  It  is  very  common  on 
dogs,  sheep,  and  goats  in  the  low  veld,  and  is  also  met  with 
on  cattle.  Its  life  cycle  corresponds  exactly  with  the  one  de- 
scribed for  tlie  brown  tick.  It  may,  therefore,  reasonably  be 
expected  to  be  one  of  the  carriers  of  infection.  An  experi- 
ment in  this  directicm  proved  tliat  the  disease  can  be  com- 
municated. 

Larval  black  pitted  ticks,  whose  mothers  were  taken  from 
dogs,  were  fed  on  a  sick  ox.  The  nymph ae  which  resulted 
were  placed  on  a  liealthy  ox,  which  sickened  in  due  time  and 
succumbed  to  the  disease. 

This  experiment  is  conclusive,  because  the  disease  could 
onlv  have  been  transmitted  in  the  way  indicated.  The  bont 
tick  {Amhlyomma  Hebracum),  well  known  as  the  carrier  of 
Heart-water  in  cattle  and  sheep,  may  also  be  reasonably  sus- 
pected as  one  of  the  carriers,  but  proof  is  still  lacking.  An 
important  question  whi(^h  awaits  solution  is  whether  oxen  which 
have  recovered  from  East  Coast  fever  are  also  able  to  spread 
the  disease  by  means  of  tick  infection.  There  are  many  analo- 
gies to  enable  us  to  accept  such  a  supposition.  But  experiments 
are  still  wanting  to  support  this  hypothesis.  It  will  be  seen 
from  these  foregoing  notes  that  the  disease  will  spread  through 
such  parts  of  the  country  where  these  carrier  ticks  are  met 
with.  We  are  thus  able  to  forecast  the  different  localities  of 
infection  by  ascertaining  what  species  of  tick  inhabit  these 
places.  I  have  already  pointed  out  that  the  disease  did  not 
spread  to  the  high  veld-  this  probably  owing  to  the  fact  that 
ticks  are  not  able  to  live  there. 

During  an  exceptionally  warm  summer  and  under  specially 
favourable  conditions  a  generation  might  live  and  breed  there. 
But  the  cold  winter  will  doubtless  kill  them.  Even  in  Pretoria 
I  have  great  difficulty  in  breeding  brown  and  black  pitted  ticks 
during  the  winter.  "  Many  attempts  during  that  season  have 
failed,  the  ejrgs  not  even  hatching. 

We  are  certainly  on  the  safe  side  in  saying  that  the  distmse 
will  not  spread  througlumt  the  whole  of  South  Africa,  but  only 
through  such  localities  where  the  particular  disease-carrying 
ticks  are  found. 

IMMUNITY   AND   IXOCI  LATIOX. 

I  have  already  pointed  out  how  small  the  percentage  of 
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recovery  is  in  East  Coast  fever.  Animals  wliieli  liad  gone 
through  the  disease  may  be  considered  as  immune.  I  have  at 
repeated  intervals  tested  a  number  of  survived  cattle.  They 
were  exposed  to  the  worst  infected  locality,  and  the  result  was 
that  they  did  not  contract  the  disease  a  second  time.  This  ex- 
periment was  made  with  ten  oxen,  and  has  lasted 
about  a  year,  and  is  still  in  progress.  The  conclusion  is,  there- 
fore, that  once  immunity  has  been  established  it  is  a  permanent 
one.  Eeference  has  alreadj-  been  made  in  this  paper  that  the 
disease  has  originated  in  the  East  Coast  of  Africa,  where  the 
disease  has  been  permanent  since  bygone  ages.  A  study  of  the 
condition  there  will  therefore  throw  some  light  on  the  im- 
munity of  cattle  against  this  disease.  Cattle  born  and  bred  in 
these  regions  are  immune  against  the  disease.  Cattle  brought 
into  the  area  contract  it  and  die.  It  was  probably  the  law  of 
the  survival  of  the  fittest  that  made  the  coast  cattle  immune, 
and  it  is  probable  that  the  progenv  of  the  cattle  acquired  some 
immunity  from  their  parents.  Tliis  immunity  became  active, 
that  is  to  sav  permanent,  under  the  influence  of  the  constant  ex- 
posure  to  natural  infection.  It  must  have  taken  a  long  period 
for  East  Coast  cattle  to  acquire  this  immunity.  The  same 
result  will  finally  be  achieved  here.  But  it  must  be  borne  in 
mind  that  95  per  cent,  of  the  present  cattle,  living  in  localities 
suitable  for  the  development  of  the  infection  carrier,  must  first 
die,  and  that  the  re-stocking  of  the  country  with  immune  ani- 
mals must  start  from  the  surviving  5  per  cent. 

In  addition  to  this  the  country  will  probably  remain  in- 
fected for  all  time  to  come,  and  cattle  brought  into  these  parts 
from  without  will  contract  the  disease.  This  is  a  disheartening 
outlook,  and  warrants  the  most  stringent  measures  to  stop  the 
spread  and  to  stamp  out  the  disease.  Now,  as  already  men- 
tioned, inoculation  with  any  material  taken  from  a  sick  animal 
and  injected  into  a  healthy  one  fails  to  produce  the  disease. 
This  fact  demonstrates  the  difficulty  of  finding  a  successful 
inoculation. 

Professor  Koch  has  laboured  to  find  such  a  method  of 
inoculation,  and  he  has  already  proposed  a  plan  of  conferrinur 
immunity.  According  to  his  last  report,  this  immunity  would 
only  be  complete  in  about  five  months  after  the  animal  ha<l 
been  inoculated.  During  this  time  the  inoculation  has  to  be 
repeated  at  intervals.  Professor  Koch  recommends  repeated 
inoculation  with  blood  from  animals  which  have  recovered 
from  the  disease.  And  he  has  shown  that  after  inoculating 
susceptible  animals  with  either  sick  or  recovered  blood  (crtain 
forms  of  endoglobular  parasites  appear.  These  organisms  he 
desijfnates  as  ring-forms.  He  draws  his  cimclusion  regarding 
immunity  from  the  appearance  of  these  rings,  which  he  con- 
siders identical  with  the  spherical  forms  of  the  piroplasma  in 
East  Coast  fever.  Indeed,  he  has  also  shown  that  such  rings 
are  found  in  the  blood  of  immune  cattle,  and  he  recommends 
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such  blood  for  inoculation.  The  observation  is  undoubtedly 
<?orrect.  But  I  am  able  to  show  that  this  phenomenon  does  not 
apply  to  East  Coast  fever  alone.  We  find  typical  rings  and 
also  bacillary  forms  of  piroplasma  in  connection  with  ordinary 
red  water. 

I  have  already  stated  that  we  are  able  to  produce  ordinary 
redwater  by  injecting  the  blood  of  an  immune  ox  into  sus- 
<»eptible  animals.  The  fever  will  appear  about  a  week  or  ten 
days  after  the  injection,  and  during  the  reaction  we  find  the 
typical  Piroplasma  higeminum  in  the  blood.  Some  of  these 
animals  a  few  weeks  later  show  a  second  reaction,  which  may  be 
so  strong  that  some  of  them  succumb  to  it.  During  this  re- 
action the  typical  Piroi)lasma  hifjeminum  may  appear.  In  some 
f'ases,  however,  quite  an  atypical  parasite  appears  in  the  shape 
of  small  rings  and  bacillary  forms,  typical  of  East  Coast  fever. 
They  may  be  so  frequent  that  the  diagnosis  for  Rhodesian  tick 
fever  would  be  justified.  Personally,  in  one  case  I  had  some 
slight  difficulty  in  explaining  how  one  particular  ox,  treated  in 
the  way  indicated,  should  have  contracted  the  new  disease.  If 
the  second  reaction  was  reallv  Coast  fever,  then  immunitv 
should  liave  been  the  result.  To  clear  up  this  matter,  infected 
ticks  were  placed  on  tlie  ox,  with  the  result  that  it  contracted 
the  disease  and  died  of  symptoms  in  every  respect  typical  of 
Coast  fever.  Hence  the  conclusion  that  the  parasites  which 
resembled  the  Coast  fever  piroplasma  had  nothincr  to  do  with 
it.  But  this  is  not  the  only  observation.  I  inoculated  three 
calves  for  redwater,  which  were  born  on  the  premises  of  the 
laboratory.  Some  weeks  later  a  secondary  reaction  set  in,  and 
afterwards  rings  appeared,  and  are  at  the  present  moment  still 
fgund  in  the  blood.  I  have  still  further  proof.  A  number  of 
freshly-imported  cattle  from  England  were  inoculated  against 
ordinary  redwater.  They  went  through  the  typical  leaction, 
and  some  weeks  later  they  had  a  second  reaction.  Shortly 
after  this  second  reaction  blood  smears  were  examined,  with 
the  result  that  the  typical  rings  were  found  in  some  of  tlie 
cattle,  whereas  they  were  not  found  in  the  blood  of  animals 
which  were  never  injected. 

To  me  the  occurrence  of  rings  is  now  an  every-day  experi- 
ence. A  certain  series  of  experiments  was  undertaken  in 
connection  with  heart-water.  The  cattle  used  for  this  purpose 
had  some  time  previously  been  immunised  against  ordinary  red- 
water.  The  inoculation  of  heart-water  virus  brought  on  a  re- 
action and  caused  the  death  of  some  oxen.  In  almost  every 
one  of  them  rings  and  bacillary  forms  were  noticed.  Th(»re- 
upon  I  began  to  examine  the  blood  of  many  oxen.  Tliese  oxen 
had  at  one  time  been  used  for  the  production  of  rinderpest 
serum;  accordingly  they  were  highly  immunised.  This  is  done 
by  the  injection  of  virulent  blood.  With  the  exception  of  a 
few  animals  rings  were  seen  in  their  blood.  I  have  also  treat<*d 
oxen   in   the  way   indicated   by   Professor  Koch,   and   after  a 
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weekly  injection  of  immune  blood  the  rings  appeared.  Some 
of  the  oxen  had  them  before  the  injection  had  begun.  The 
startling  fact,  however,  is  that  two  oxen  also  showed  aji  in- 
crease of  rings.  They  had  been  injected  with  blood  from  an 
animal  which  was  not  immune  against  Coast  fever,  but  whicli 
showed  the  rings  during  a  heart-water  reaction  in  rather  large 
quantities.  These  observations,  to  which  I  could  add  many 
others,  led  me  to  believe  that  the  appearance  of  rings  after  re- 
peated injections  of  blood  is  not  typical  of  Ehodesian  Tick 
fever,  but  is  a  phenomenon  due  to  the  injection  of  blood  from 
a  red-water  immune  animal.  I  am  inclined  to  believe  that  the 
rings  are  nothing  else  but  a  form  in  the  life-cycle  of  Piroplasma 
hifjew'nium.  Probablj'  the  dormant  form  in  the  immune  ani- 
mal. Hence  I  conclude  that  the  appearance  of  rings  in  the 
blood  proves  that  such  an  animal  is  immune  a&rainst  ordinary 
red-water.  That  animals  treated  in  the  way  indicated  by  Pro- 
fessor Koch  acquire  immunity  against  Bhodesian  tick  fever 
only  after  five  months,  a  fact  which  has  not  yet  been  proved, 
lends  support  to  the  view  I  hold  on  this  subject. 

At  the  last  congress  of  Veterinary  Surgeons  and  other 
representatives  of  all  the  South  African  Colonies,  Professor 
Koch  made  a  statement  to  the  effect  that  he  found  the  typical 
rings  in  tlie  blood  smears  taken  from  oxen  in  East  London  and 
from  Xatal,  but  not  in  smears  received  from  Cape  Town.  He 
therefore  concluded  that  the  whole  South  African  East  Coast  is 
infected  with  the  new  disease.  Such  is,  however,  not  the  case. 
The  rings  Piofessor  Koch  has  seen  in  the  blood  are,  I  consider, 
the  forms  of  immune  Piroplasuia  higemiiium.  Natal  and  East 
London  are  red-water  countries:  the  Cape  is  not.  We  will  find 
tliese  rings  in  the  cattle  from  Natal  and  East  London,  but  not 
in  cattle  from  Cape  Town.  The  number  of  rings  in  a  sample 
of  blood  varies  much.  Durincr  febrile  reactions  they  may  in- 
crease and  invest  a  considerable  percentage  of  the  red  cor- 
puscles. 

T^sually,  however,  tliey  are  rare,  and  a  careful  examination 
is  necessary.  The  true  nature  of  these  rings  is  shown  by  the 
use  of  double  stains,  whereby  the  chromatic  body  takes  the 
characteristic  colour. 

Tlic  stains  Azure  II.  and  Dr.  Maccmkey's  modification  of 
Eomanowsky's,  give  in  nearly  every  instance  a  clear  definition, 
and  deserve  to  be  recommended. 

TREATMENT. 

All  attempts  to  cure  sick  animals  have  so  far  failed,  in 
spite  of  the  many  trials  that  have  been  made  with  various 
drugs,  which  might  reasonablv  have  been  expected  to  destroy 
the  micro-organisms  of  the  disease.  The  serum  treatment 
adopted  by  Professor  Koch  has  failed,  since  the  serum  produced 
by  the  injection  of  large  quantities  of  sick  blood  into  immune 
animals  resulted  in  the  rise  of  haemolitic  serum.  When  in- 
jected into  sick  cattle  this  serum   caused  rapid  death  by  the 
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dissolution  of  red  bloml  cells,  whereas  the  same  serum  injected 
into  healthy  cattle  is  harmless.  This  fact  from  a  scientific 
point  is  highly  interesting,  whilst  at  the  same  time  very  dis- 
heartening for  the  investigator.  The  inoculation  introduced  by 
Professor  Koch  has  not  yet  stood  the  test  of  extensive  field 
experiments,  and  as  the  immunity    is  only    expected   after    a 

f period  of  five  months  the  practical  value  of  this  method  is 
imited.  If,  a(*cording  to  Professor  Koch,  immune  cattle  carry 
the  infection  in  their  blood — a  theory  highly  probable,  and 
which  still  remains  to  be  proved — then  producing  immunity  is 
of  little  value,  because  these  same  cattle  keep  up  a  constant  and 
permanent  infection  of  the  veld.  The  maintenance  of  the  dis- 
ease would  constantly  debar  us  from  exporting  cattle.  In  addi- 
tion to  this  the  inoculation  as  recommended  by  Professor  Koch 
involves  a  certain  danger  to  imported  cattle,  as  with  such  blood 
other  diseases,  such  an  ordinary  red-water,  trypanosomasis, 
and  heart-water  may  be  produced.  Before  the  danger  of 
immune  cattle  is  settled,  in  an  unmistakable  way,  the  Trans- 
vaal Veterinary  Department  is  not  prepared  to  recommend  any 
inoculation.  The  only  successful  way  to  stop  the  spread  of  the 
disease  is  a  complete  restriction  in  the  movement  of  cattle  from 
sick  farms.  It  will  therefore  become  necessarv  not  to  restock 
such  a  farm  for  s(nne  time  to  come.  On  the  other  hand,  there 
is  hope  that  such  a  farm  may  be  cleansed  after  a  certain  period. 
It  is  recommended  that  other  stock  than  cattle  be  placed  on  the 
infected  area.  The  infected  ticks  will  feed  on  such  stock,  and 
as  there  is  no  chance  of  re-infecting  the  tick  the  disease  must 
naturally  disappear.  We  have  an  experiment  to  support  us  in 
this  view.  ilr.  Stockman,  the  Principal  Veterinary  Surgeon, 
and  myself  exposed  ten  head  of  cattle  on  a  fenced-in  portion 
of  a  farm  near  Nelspruit,  where  fifteen  months  ago  the  disease 
was  rampant.  After  an  exposure  lasting  over  four  months 
none  of  the  cattle  died  of  East  Coast  fever,  whereas  all  the 
control  cattle  on  an  adjoining  farm,  which  was  infected,  were 
wiped  out.  The  isolation  of  infected  farms  will  become  an 
absolute  necessity,  and  the  best  way  to  secure  such  an  isolation 
is  by  fencing  in.  Transport  will  have  to  be  regulated,  and  no 
susceptible  draft  animals,  such  as  horses,  mules,  and  donkeys 
should  be  substituted  for  oxen.  On  the  recommendation  of  my 
colleague,  Mr.  Stockman,  camels  were  imported.  They  proved 
to  be  imniuiK*  against  East  Coast  fever,  and  it  is  hoped  that 
they  will  render  good  service  in  infected  districts.  Dippini?  of 
rattle  exposed  to  infection  was  thought  to  be  a  panacea  against 
the  disease. 

When  suitable  dipping  material  is  used  and  the  oneration 
properly  cairied  out  the  infection  is  retarded.  But  although 
we  are  able  to  destroy  the  tick  on  an  animal,  we  are  not  able  to 
prevent  fresh  ones  re-infesting  cattle,  and  since  a  few  infected 
ticks  are  sufficient  to  cause  the  disease  the  difficulty  of  keeping 
them  off  becomes  apparent.     When,  however,  the  removal  of 
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cattle  out  of  an  infected  area  is  practicable,  then  every  chance 
exists  of  getting  rid  of  the  infection,  and  dipping  and  spray- 
ing will  prevent  the  re-infection  of  the  new  ground.  But  tlio 
movement  must  be  continually  kept  up. 

For  the  present  all  that  is  possible  has  been  done.  But  so 
far  we  have  failed  in  the  majority  of  cases  in  convincing  our 
farming  population  of  the  seriousness  of  the  situation.  It  is 
only  by  severe  and  vigorous  legislation  that  we  can  hope  to 
retard  the  spread  of  the  disease  and  to  confine  it  to  the  present 
centres  of  infection.  We  still  hope  that  the  progress  of  science 
will  assist  us  to  combat  the  disease  in  a  more  economical  and 
more  effective  way.  We  still  hope  that  tlie  advancement  of 
science  will  open  to  us  new  ways  of  combating  this  ravaging 
disease  in  a  more  economical  and  effective  manner,  and  cv(Mitu- 
ally  freeing  our  land  from  a  decimating  scourge  wliich  threatens 
to  ruin  the  principal  rural  industry*. 


16.— BACTERIOLOGICAL    AND    OTHER    ASPECTS    OF 

MINERS'   PHTHISIS. 

By  L.  G.  Irvine,  M.A.,  M.D.,  B.Sc. 

(Plates  IX.,  X.,  XI.,  XII.,  &  XIII.) 

To  those  of  you  who  are  resident  in  Johannesburg,  and 
have  interested  yourselves  in  the  matter,  the  subject  of  Miners* 
Phthisis  may  possibly  appear  to  be  one  on  which  a  great  deal 
has  been  said  already,  without  our  having  attained  to  any  very 
great  certainty  regarding  it.  But  although  the  subject  has 
been  handled  certainly  by  many,  it  has  not  yet  been  thrashed 
out.  And  accordingly,  when  I  was  invited  by  the  secretary 
to  read  a  paper  on  **  Bacteriological  and  other  Aspects  of 
Miners'  Phthisis "  before  this  section  of  the  South  African 
Association  I  accepted  the  invitation,  not  with  the  idea  that  I 
could  claim  to  make  any  final  pronouncement,  but  in  the  hope 
that  a  brief  statement  of  the  present  state  of  investigation  into 
the  nature  and  causation  of  this  disease,  which  has  been  re- 
sponsible for  so  heavy  a  mortality  amongst  the  miners  on  the- 
Kand,  might  prove  of  interest,  even  although  it  should  contain 
little  or  nothing  that  is  quite  novel.  One  thing,  however,  I 
wish  to  say  at  the  outset,  which  is  that  I  do  not  pretend  to 
claim  for  this  paper  the  character  of  an  exhaustive  study  of 
the  subject.  The  necessary  limits  of  the  time  at  my  disposal 
permit  me  to  refer  only  to  its  more  salient  features.  Statistics 
1  have  left  practically  aside,  and  many  other  matters  of  in- 
terest I  shall  pass  over  or  merely  mention  without  discussing 
them.  I  say  this  partly  in  order  to  disarm  criticism,  which, 
should  it  arise,  will,  I  hope,  be  concentrated  rather  on  what  I 
say  than  on  what  I  leave  unsaid. 

And  first  let  me  define  what  I  mean  when  I  speak  of 
'*  Miners'  Phthisis."  It  was  only  during  and  after  the  war 
that  the  excessive  mortality-  amongst  the  miners,  and  especially 
the  rock-drill  miners,  on  the  Band,  first  attracted  serious  atten- 
tion. When  work  was  again  begun  on  the  mines  it  was  found 
that,  of  the  rock-drill  miners  who  had  been  employed  by  the 
various  mining  companies  before  the  outbreak  of  the  war,  over 
16  per  cent,  had  died,  while  during  the  first  twelve  months 
after  the  resumption  of  work  many  of  the  remainder  went  to 
iiwell  the  grim  total.  Naturally  both  the  miners  themselves 
and  their  employers  became  alarmed,  and  asked  for  an  in- 
vestigation into  the  causes  of  this  high  mortality. 

And  when  this  investigation  was  first  made  it  was  found 
that  the  disease  fnmi  which  these  men  had  mainly  died  was 
quite  definitely  a  lung  disease.  The  same  feature,  indeed, 
characterises  other  mining  communities  in  all  parts  of  the 
world  to  a  greater  or  less  extent.  Cornish  miners,  as  was 
shown  more  than  twenty  years  ago  by  I)i-.  Ogle's  oft-quoted 
statistics,  have  a  mortality  from  respiratory  diseases  nearly 
three  times  as  great  as  that  of  all  males  between  the  ages  of 
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25  and  G5,  the  comparative  figures  being  2,0G5  to  T2o.  And 
further,  it  was  apparent  that  this  disease  from  whicli  the 
miners  suffered  was  a  chronic  one,  characterised  by  a  progres- 
sive consolidation  of  the  lung  tissue  with  accompanying 
catarrhal  processes,  and  that  while  its  onset  was  extremely  in- 
sidious its  termination  was  often  painfully  rapid. 

It  is  to  this  condition,  then,  that  the  name  Miners'  Phthisis 
was  applied,  and  personally  I  think  the  term  is  both  suitable 
and  useful.  But  it  must  be  thoroughly  understood  that  ihis 
term  is  primarily  a  clinical  one,  and  carries  with  it  no  pre- 
suppositions as  to  its  causation  or  its  pathological  nature. 
The  chronic  lung  diseases  which  one  meets  with  amongst 
miners,  and  which  one  includes  under  the  name  of  Miners' 
Phthisis,  have  in  common  the  clinical  features  which  I  have 
mentioned.  But  even  in  clinical  type  they  present  several 
varieties,  which  are  due  to  the  preponderance  in  individual 
cases  of  one  or  other  of  the  main  causative  factors  wliich  ccm- 
tribute  to  the  pathologj*  of  the  disease.  And  therefore  if  we 
may  usefully  group  the  chronic  lung  affections  of  miners  which 
are  characterised  by  these  comm(m  features,  and  which  are  due 
to  causes  incident  to  their  occupation,  under  the  one  name, 
Miners'  Phthisis,  we  must  at  the  same  time  admit  that  tlie 
term  does  not  describe  a  specific  disease  due  to  a  single  causa- 
tive factor,  but  is  a  name  carryin.g  implicaticnis  which  are  pri- 
marily clinical,  and  which  does  not  exclude  the  possibility  of 
there  being  more  than  cme  agent  concerned  in  the  production 
of  the  pathology  and  symptomatology  of  the  disease.  If  this 
is  thoroughly  understood,  the  use  of  such  a  general  and,  patho- 
logically speaking,  indefinite  term  as  Miners'  Phthisis  is  not 
only  defensible  but  useful,  if  only  to  emphasise  the  fact  that 
few  cases  of  chronic  lung  disease  occurring  in  miners,  who  have 
spent  many  years  underground,  are  of  quite  unmixed  causa- 
tion or  are  the  manifestations  of  a  single  uncomplicated  patho- 
logical process. 

The  provisional  report  of  the  Committee  of  the  Transvaal 
Medical  Society,  followed  by  the  fuller  investigation  of  the 
Miners'  Phthisis  ('(mimissicm,  has  made  clear  certain  points, 
which  I  may  briefly  resume. 

1.  That,  as  I  have  said,  the  excessive  mortality  of  the 
miners  on  the  Rand  has  been  mainly  due  to  a  chronic  disease 
of  the  lungs,  characterised  by  a  progressive  fibroid  consolida- 
tion of  the  lung  tissue  witli  coincident  processes  of  catarrh,  and 
differing  in  the  majority  of  cases  in  many  respects  from  ordinary 
tubercular  phthisis. 

2.  That  while  no  class  of  miners  is  exempt  from  the  dis- 
ease, provided  that  their  mining  life  has  been  sufficiently  pro- 
longed, its  incidence  has  been  found  to  be  greatest  and  its  de- 
velopment most  rapid  amongst  rock-drill  miners.  Of  those 
who  had  used  rock-drills  more  or  less  continuously  for  seven 
years  or  upwards,  very  many  were  found  to  die  between   the 
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ages  of  30  and  40,  and  many  about  tlie  age  of  35,  while  those 
who  had  not  been  rock-drill  miners  and  who  had  nevertheless 
died  of  the  disease  had  a  considerably  longer  mining  life,  hav- 
ing an  advantage  probably  of  10  or  15  years.  Speaking  gener- 
ally, and  taking  the  average,  one  may  say  that  only  a  minority 
of  miners  who  have  worked  rock-drills  for  a  period  of  not  more 
than  five  years  show  decided  evidences  of  the  disease,  although 
no  doubt  it  is  gradually  developing  from  the  commencement. 
Yet  Dr.  Macaulay  showed  me  a  case  the  other  dav  of  a  miner 
who  had  been  employed  on  rock-drills  for  three  years  only,  but 
under  the  worst  conditions,  and  who  was  already  permanently 
unfitted  for  further  underground  work — he  had  well-marked 
miners'  phthisis.  He  had  previously  been  a  quarryman  and 
an  iron-stone  miner.  From  six  to  nine  years'  rock-drill  work 
under  local  conditions  is,  however,  usually  sufficient  to  seriously 
impair  or  even  to  exhaust  the  working  efficiency  of  the  miner, 
altliough  as  a  rule  the  number  of  years  spent  on  rock-drills  does 
not  represent  the  total  mining  life  of  these  men.  These  are 
average  statements,  of  course,  (^uite  recently,  in  contrast  to 
the  instance  I  have  just  cited,  I  saw  a  man  who  had  worked 
rock-drills  for  10  years  in  Australia  and  for  T  years  in  South 
Africa  before  the  fatal  balance  began  to  tip  decidedly  against 
him.  Very  much  in  this  matter  of  the  duration  of  working 
efficiency  depends  on  particular  circumstances,  the  physical 
equipment  in  lung  capacity  with  which  the  miner  starts,  his 
personal  habits,  the  degree  of  continuity  of  his  employment, 
and  the  character  of  the  mines  and  of  the  mining  processes  in 
which  he  has  been  employed. 

3.  That  in  all  the  fatal  cases  in  which  post-mortem 
examinations  were  made  extensive  fibrosis  of  the  lungs  was 
found  encroaching  upon  and  replacing  the  true  lung  tissue,  and 
in  most  cases  this  was  very  extreme.  The  type  of  fibrosis  was 
that  well  known  to  be  caused  by  the  continuous  inhalation  of 
fine  dust,  and  the  conclusion  that  tlic  basis  of  the  disease  is  a 
silicosis^  a  rock  dust  disease,  was  confirmed  by  microscopical 
examination,  which  in  every  case  investigated  showed  the 
presence  of  mineral  particles  to  be  directly  associated  with  the 
process  of  formation  of  the  fibrous  tissue.  The  distribution  of 
the  fibrosis  coincided  exactly  with  the  distribution  of  mineral 
matter,  and  both  initially  followed  the  distributicm  of  the 
lymphatic  drainage  system  of  the  lungs. 

This  conclusion  was  strengthened  by  the  fact  that  the 
classes  of  mining  work  which  were  admittedly  most  dangerous, 
namely,  rock-drill  work,  and  particularly  driving  and  raising, 
were  precisely  those  in  which  the  quantity  of  dust  geneiated 
in  drilling  was  greatest.  The  further  fact,  that  these  opera- 
tions were  also  those  in  which  contamination  of  the  mine  air  by 
the  gases  produced  by  the  explosives  used  in  blasting  most 
readily  occurred,  was  not  overlooked. 

4.  That  in  a  certain  but  undetermined  number  of  cases, 
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forming,  however,  a  minority  of  the  whole,  a  true  tubercular 
phthisis  co-existed  with,  or  was  superimposed  upon,  the  primary 
silicosis. 

5.  That  the  contamination  of  the  mine  air  by  certain 
noxious  gases,  particularly  those  produced  by  the  nitro- 
glycerine explosives  used  in  blasting,  was  a  contributor^^  and 
aggravating  factor  in  the  production  of  the  disease.  Of  these 
gases  carbon  monoxide  was  stated  to  be  the  most  dangerous, 
but  nitrous  fumes  were  also  regarded  as  being  in  a  minor  degree 
contributory. 

These  are  the  broad  conclusions  to  which  previous  investi- 
gaticm  has  led  us,  and  with  them  I  agree.  The  difficulty  all 
along  has  been  to  determine  what  is  the  relative  importance  of 
tliese  tliroe  main  factors,  dust,  infective  processes,  and  noxious 
gases,  as  causative  agents  in  producing  the  diverse  pathological 
processes  and  the  symptoms  of  Miners'  Phthisis.  And  what  I 
wish  to  do  to-day  is  to  give  some  idea  of  what  I  believe  to  be 
the  role  which  these  various  agencies  actually  play,  and  par- 
ticularly to  correlate  the  several  clinical  types  of  the  disease 
as  we  meet  it  with  the  varying  preponderance  of  one  or  other  of 
these  three  main  factors. 

THE    IXFLFEXCE    OF    DUST. 

That  the  more  or  less  continuous  inhalation  of  fine 
dust  is  an  efficient  factor  in  producing  both  catarrhal 
processes  in  the  air  passages  and  alveoli  and  fibroid 
changes  in  the  substance  of  the  lungs  is  a  patho- 
logical fact  so  well  established  that  I  need  here  adduce  no 
further  evidence  in  its  favour.  It  mav  be  sufficient  to  remind 
you  that  earthenware  manufacturers,  working  under  conditions 
which  induce  the  inhalation  of  fine  silicious  dust,  but  which 
certainly  do  not  include  the  influence  of  noxious  gases,  sufter 
from  the  disease  known  as  "  potters'  phthisis,''  which  is  a  true 
silicosis,  and  which  in  many  respects  closely  resembles  the 
**  miners'  phthisis  "  which  we  meet  with  on  the  Rand.  Earthen- 
ware manufacturers  have  in  England  a  mortality  from  phthisis^ 
and  respiratory  diseases  almost  identical  with  that  of  Cornish 
miners,  the  comparative  figures  being  1,118  and  1,148,  both  far 
above*  that  of  any  other  occupied  class.  Of  all  ihv  dust  diseases 
silicosis  is  the  most  fatal. 

Xor  need  I  do  more  than  mention  the  facts,  that  the  dust 
of  the  Eand  quartzite  is  admittedly  a  hard  dust,  and  that  it 
appears  under  the  microscope  in  the  form  of  silicious  particles,, 
many  of  which  aie  exceedingly  fine  and  sharp  and  angular. 
The  great  majority  of  the  gold  mines  of  the  Kand  also  must 
be  classed  as  dry  mines.  These  facts  no  one  disputes,  and 
anyone  who  has  had  experience  of  underground  work  under 
local  conditions  will  agree  also  that  the  mine  atmosphere  is 
everywhere  charged  with  dust  in  an  abnormal  degree.  Still 
more  so  is  this  the  case  in  drives  and  rises.       In  a  rise  whei> 
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drilling  is  going  on  the  air  may  be  felt  to  be  quite  oppressive 
with  (lust,  and  in  a  drive,  which  is  the  next  worst,  Dr,  Pakes 
demonstrated  the  presence  in  the  air  of  dust  to  the  amount  of 
0.5G25  grammes  per  cubic  metre  while  drilling  was  going  on. 

Now  there  are  three  main  clinical  types  of  miners'  phthisis^ 
which  we  medical  men  have  been  accustomed  amongst  ourselves 
to  distinguish  as  the  **  dry  type,"  the  "  moist  type,"  and  the 
"  very  chronic  type." 

Take,  for  example,  such  a  case  as  the  following.  Last 
September  a  miner,  T.TI.A.,  consulted  me.  He  was  40  years 
of  ago,  and  had  had  a  mining  life  of  24  years.  Of  this  he 
had  spent  12  years  elsewhere,  mostly  in  iron  mining  at  home 
and  in  the  Ignited  States,  with  a  short  spell  of  gold  mining  in 
America.  lie  came  to  South  Africa  in  1890,  and  with  one 
sliort  holiday  worked  on  the  Eand  as  a  miner  for  nine  years^ 
of  wiiicli  more  than  five  were  spent  in  rock-drill  work,  and  all 
of  tliis  in  developing,  lie  had  worked  a  good  deal  in  "  bad 
places/'  and  he  had  been  "  gassed  "  once,  and  he  believed  that 
lie  was  for  some  time  thereafter  more  readily  aft'ected  bj^  the 
fumes  of  explosives  than  most  other  men.  His  partner  during 
this  work  had  since  died  of  chest  disease  after  eight  years' 
rock-drill  work,  lie  went  home  and  did  nothing  during  the 
war,  and  he  returned  to  South  Africa  in  1902.  lie  stated  that 
at  that  time  he  was  not  noticeably  short  of  breath,  he  had  no 
night  sweats,  and  no  spit. 

He  worked  underground  for  precisely  five  weeks,  when  he 
had  to  give  it  up,  and  had  since  been  employed  as  banksman 
at  a  downcast  shaft,  so  that  there  had  been  no  recent  exposure 
to  the  influence  of  mine  air.  But  he  steadily  lost  weight,  he 
had  *'  no  wind,''  he  could  not  walk  a  hundred  yards  without 
getting  short  of  breath,  and  he  suffered,  as  he  said,  from  per- 
petual indigestion. 

He  was  pale  and  much  emaciated;  liis  chest  expansicm  was 
one  inch.  There  was  evidence  of  consolidation,  especially  at 
the  right  apex  and  the  left  base,  with  signs  of  a  dry  cavity 
under  the  right  cavicle.  What  struck  one  on  auscultation  was 
the  poor  entry  of  air  all  over  the  lungs  (especially  posteriorly) 
and  the  absence  of  moist  sounds.  These,  which  are  indicative 
of  active  inflammatory  processes,  were  present  slightly  in  two 
areas  onlv.  He  had  old  friction  sounds  here  and  there,  indica- 
tive  of  past  dry  pleurisies.  He  had  slight  dry  cough,  but  he 
had  no  spit.  His  complaint  was  that  he  could  not  spit.  He 
had  no  fever,  no  night  sweats,  he  had  never  spat  up  blood.  The 
pulse  rate  was  somewhat  accelerated  (H5  to  90),  the  heart 
sounds,  however,  were  normal;  the  arteries  were  not  thickened; 
he  had  no  albuminuria. 

Xow  I  have  described  this  case  to  vou  because  it  is  so  very 
typical  of  what  we  call  the  dry  type  oi  miners'  phthisis,  which 
is  the  commonest  and  most  characteristic  form  of  the  disease. 
It  is  **  dry  "  because  there  is  little  or  no  expectoration,  which 
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is  tantamount  to  saying  that  there  is  little  or  no  active  inflam- 
matory process  present.  Progressive  emaciation  and  urgent 
breathlessness  were  the  main  features  of  the  case,  and  to  these 
was  added,  what  patients  of  this  sort  often  complain  of,  per- 
petual indigestion. 

Note,  now,  in  this  case,  the  verj-  slight  expansion  of  the 
chest,  one  inch  difference  in  all  between  the  extreme  of  inspira- 
tion and  the  extreme  of  expiration.     In  such  cases,  indeed,  the 
tape   measure   forms  a   most   valuable   prognostic.     Sometimes 
the  expansion  may  not  even  be  an  inch.     Tlie  deepest  inspira- 
tion possible  may  be  a  mere  shallow  gasp,  which  scarcely  serves 
to  increase  at  all  the  capacity  of  the  lungs.     The  rigid  chest, 
with  its  diminished  expansicm,  indicates  a  conditi(ni  of  the  lungs 
in  which  there  is  little  breathing  capacity  left  to  come  and  go 
upon.     Note  the  rapid  decline  in  health  on  the  resumption  of 
underground  work.     One  sees  case  after  case  (»f  this  sort.     Tlie 
breathing  capacity',  alreadj*  seriously  encroached  upon  by  the 
fibroid  change,  is  just  sufficient  to.  maintain  health  under  the 
most    favourable    conditions.       Work    underground,    with    its 
attendant  aggravations  of  catarrli,  and  the  deleterious   influ- 
ences of  a  vitiated  mine  air,  proves  more  than  tlie  lungs  can 
cope  with,  and  a  rapid  decline  in  health  follows.     Yet  previous 
to  this  exposure  the  patient  in  such  a  case  as  I  have  described 
feels  tolerably  well ;  a  little  short  in  the  wind,  perhaps,  for  the 
fibroid  encroachment  is  primarily  a  mechanical  and  a  nutritive 
disability.     No  infective  process  is  at  work,  there  are  no  toxines 
present  to  act  as  constitutional  poisons  and  also  as  danger  sig- 
nals.    The  main  disability  is  the  diminished  respiratory  capa- 
city.    And  this  leads  one  to  remark  that  a  man  who  starts  with 
a  good  respiratory  capacity  has  greater  chances  in  his  favour, 
greater  breathing  space  to  come  and  go  upon,  than  a  man  with 
a  poor  capacity  and  but  a  small  margin  of  surplus  breathing 
space.     Expose  both  to  equal  underground  risks,  and  especially 
to  equal  risks  from  dust,  and  the  former  will  inevitably  last  the 
longer  because  of  his  valuable  initial  advantage.     Personally 
I  always  advise  a  young  miner  whose  respiratory  capacity  is 
poor  at  the  outset  to  change  his  occupation  while  he  can. 

And  finally  note  in  such  a  case  the  absence  of  the  typical 
signs  of  tubercular  phthisis,  hectic  fever,  haemoptysis,  night 
sweats,  and  free  expectoration. 

Cases  of  this  dry  type  are,  I  believe,  examples  of  a  patho- 
logical condition  in  which  a  silicosis  is  the  predominant  fea- 
ture. It  is  uncomplicated  by  any  infective  process.  Such  a 
case,  indeed,  cannot  be  mistaken  for  a  case  of  tubercular 
phthisis,  and  the  scanty  sputum,  which  may  contain  silicious 
particles,  contains  no  tubercle  bacilli. 

Let  us  suppose  now  that  the  disease  proceeds  to  a   fatal 
termination,  maintaining  its  dry  type  practically  to  the  end, 
how,  we  may  ask,  does  such  a  patient  die?     In  one  of  two  ways. 
Either  his  breathlessness,  which  is  due  primarily  to  the  gradual 
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obliteration  of  the  true  lung  tissue  by  the  progressive  fibroid 
change,  becomes  steadily  worse  and  worse  until  it  becomes  so 
bad  that  he  can  no  longer  leave  his  bed,  and  he  ultimately  dies 
of  heart  failure  with  cyanosis  and  other  attendant  signs,  or 
suddenly,  near  the  end,  the  lung  with  its  lowered  vitality  can 
no  longer  resist  the  invasion  of  infective  processes.  An  acute 
pneumonia  may  supervene  and  carry  oft'  the  patient;  or  pyo- 
genic organisms  invade  the  lung;  it  breaks  down,  necrotic 
cavities  form,  portions  of  the  lung  may  become  practically  gan- 
grenous, and  the  case  passes  at  the  end  into  the  **  moist  type," 
which  I  shall  discuss  in  a  moment. 

What  I  have  called  the  **  very  chronic  type  ''  agrees  in 
most  of  its  clinical  features  with  the  picture  I  have  outlined* 
It  also  is  of  the  "  dry  type,''  although  chronic  bronchitis  is 
a  common  feature.  But  it  develops  more  gradually, 
occurring,  as  it  does,  mostly  among  the  older  miners,  who  have 
used  rock-drills  scarcely  at  all  or  not  at  all,  but  who  have  had 
a  mining  life  of  rJO  years  or  more,  and  who  die  at  a  later  age 
— say  from  45  to  50.  In  such  cases  secondary  aftections  of  the 
heart  and  blood  vessels  and  kidneys  may  be  found,  and  albu- 
minuria and  general  dropsy  accompany  the  heart  failure  and 
cyanosis  of  the  terminal  stage. 

Now  here,  in  a  drawing  which  I  prepared  for  the  Commis- 
sion, is  an  illustration  of  a  case  of  this  nature  (PI.  IX.).  There  is 
very  extensive  fibrosis  of  the  lung,  so  extreme,  indeed,  that  it 
is  difficult  to  realise  how  life  can  be  carried  on  at  all  with  the 
lungs  so  crippled.  The  pleura,  too,  which  forms  tlie  invest- 
ment of  the  lung,  is  greatly  thickened,  and  was  extensively 
adherent  to  the  chest  wall.  There  is  no  breaking  down  of  the 
lung  tissue,  there  were  no  tubercle  bacilli  in  the  sputum,  and 
the  patient  died  of  heart  failure  with  cyanosis,  dropsy,  and 
albuminuria.  His  age  at  death  was  52,  his  mining  life  had 
been  '55  j'ears,  and  he  had  worked  rock-drills  only  for  a  few 
months. 

Here,  on  the  other  hand  (PI.  X.),  is  a  sketch  of  a  lung,  wliich 
verv  closelv  resembles  that  which  I  have  iust  shown  vou,  with 
the  exception  of  one  important  feature.  For  in  this  second  case 
the  fibrosed  lower  lobes  show  large  areas  of  necrosis,  forming 
gangrenous  cavities  in  the  substance  of  the  lung.  Now  the 
case  from  which  this  drawing  was  made  was  also  almost  to  the 
very  end  one  of  the  drj-  type;  (mly  in  the  last  few  days  of  life 
did  the  lung  begin  to  break  down  and  the  expectoration  become 
profuse.  The  age  of  this  patient  at  death  was  34:  he  had 
been  23  years  a  miner,  and  of  these  he  had  spent  7  years  on 
rock-drills. 

To  sum  up,  then.  Those  cases,  which  during  life  nre 
clinically  of  this  dry  type,  and  whose  lungs  show  these  features 
post-mortem,  are  pathologically,  as  I  have  said,  primarily 
almost  unmixed  cases  of  silicosis.  They  form  the  commonest 
and   most  characteristic  form  of  the  disease.        The  breaking 
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down  of  the  lung  tissue  is  in  tliese  cases  a  terminal  pheno- 
menon, due  to  the  late  invasion  of  infective  processes.  All 
cases  of  true  miners*  phthisis  are  primarily-,  at  least,  cases  of 
silicosis.  Silicosis  is  the  feature  common  to  them  all. 
I  had  hoped  to  show  you  a  series  of  microscopic 
specimens  illustrating  the  minute  features  of  the  process  of 
fibrosis  of  the  lung  in  cases  of  miners'  phthisis.  Of  these  Dr. 
Pakes  has  now  a  fairly  extensive  collection,  made  from  mate- 
rial which  various  medical  men  have  supplied  to  him.  But 
the  press  of  the  more  important  duties  in  which  he  has  recently 
been  engaged  has  prevented  me  from  carrying  out  this  inten- 
tion. I  must  content  myself,  therefore,  with  showing  you  these 
drawings,  which  I  made  some  time  ago,  and  which  show — the 
first  (PI.  XII.),  the  early  process  of  formation  of  the  fibrous  no- 
dule, the  second  (PI.  XIII.),  a  further  stage  in  the  process  of 
fibrosis,  produced  by  the  growth  and  coalescence  of  originally 
discrete  nodules.  In  both  the  intimate,  and  indeed  identical,, 
local  conjunction  of  the  formation  of  fibrous  tissue  with  the 
presence  of  mineral  particles  is  sufficiently  obvious. 

THE  ixflu?:nc?:  of  infective  pro(  esses. 

AVhat  I  have  said  regarding  the  acute  infective  invasion 
which  may  suddenly  appear  as  a  terminal  feature  in  such  cases  as 
those  I  have  described  affords  one  example  of  the  influence  of  in- 
fective ])rocesses  in  miners'  phthisis.  And  this,  you  will  remem- 
ber, is  the  second  main  causative  factor  contributing  to  the 
pathology  and  symptomatology  of  the  disease.  I  have  said 
enough,  perhaps,  regarding  this  sudden  terminal  breaking 
down  (»f  the  lung.  Let  me  now  very  briefly  mention  the  influ- 
ence of  other  infective  invasions  of  a  less  acute  type. 

The  first  of  these  is  tuherculosis.  Tuberculosis  of  the 
lungs  is  what  is  ordinarily  called  "  consumpti(m,"  and  from  the 
first  we  have  recognised  that  tuberculosis  did  in  a  minority  of 
cases  become  associated  with  the  primary  silicosis.  This,  in- 
deed, is  what  one  would  expect.  But  I  believe  that,  in  the 
great  majority  of  cases  in  which  it  does  so  appear,  tuberculosis 
is  a  superimposition,  a  secondary  process,  and  I  base  this  con- 
clusion not  only  (m  the  pathological  evidence  at  our  disposal, 
but  also  on  the  fact  that  the  mining  life  of  a  man,  who  should 
start  underground  work  with  lungs  already  affected  by  tubercu- 
losis, would  assuredly  not  be  a  long  (me. 

Since  the  Government  Bacteriological  Laboratories  were 
established  in  Johannesburg,  I  have  made  a  point  of  sending 
there  the  sputum  of  every  miner  who  came  to  me  complaining 
of  chest  symptoms  for  bacteriolocrical  exannnati(»n,  and  for 
their  courteous  co-operation  in  aiding  me  in  this  matter  I 
nmst  warmly  thank  Dr.  Pakes  and  his  staff.  As  a  consequence 
we  are  gradually  collecting  a  ccmsiderable  amount  of  interest- 
ing material.  The  number  of  cases  is  as  yet  too  small  to  allow 
one  to  speak  of  percentages,  for  it  is  only  after  a  prolonged 
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investigation  that  one  can  venture  to  do  so.  But  this  conclu- 
sion is  already  pointed  to,  that,  although  in  the  large  majority 
of  such  sputa  tubercle  bacilli  are  not  found,  yet  tuberculosis 
does  play  a  prominent  part  in  the  later  stages  in  a  considerable 
number  of  cases.  And  when  tuberculosis  does  become  grafted 
on  the  primary  silicosis,  the  downward  progress  of  the  patient 
is  greatly  accelerated.  The  disease,  too,  changes  its  type :  it 
takes  on  the  characteristics  of  the  *'  moist  type."  We  may  find 
a  greater  or  less  degree  of  hectic  fever,  we  may  find  night 
sweats,  and  we  almost  invariably  find  more  copious  and  even 
profuse  expectoration.  Moist  sounds  appear  in  the  lungs,  and 
there  is  commonlj'^  a  rapid  breaking  down  of  the  lung  tissue. 
Tubercle  bacilli  are  also  found  in  the  sputum.  Yet,  povst- 
mortem,  one  finds  little  in  the  naked  eye  appearances,  which 
differs  from  those  seen  in  cases  of  tlie  purely  fibroid  type,  ex- 
cept that  the  lungs  show  as  a  ruh^  more  extensive  excavation 
and  greater  evidences  of  active  inflammatory  change.  lUit  the 
cavities  are  not  typical  tubercular  cavities,  but  are  ragged  and 
necrotic.  No  doubt  the  infection  is  always  a  mixed  one,  in 
which  the  tubercle  bacillus  and  ordinary  pyogenic  organisms 
{and  sometimes,  perliaps,  the  pneumococcus)  are  alike  operative. 

A  case  of  this  sort,  where  tuberculosis  appeared  as  a 
secondary  feature  in  the  disease,  came  partly  under  my  own 
observation  and  partly  under  that  of  Dr.  Frazer,  wlio  has  kindly 
allowed  me  to  make  use  of  his  clinical  notes  regarding  it.  It 
may  be  taken  as  a  characteristic  example  of  this  '*  moist  type  " 
of  the  disease. 

J.  F.  R.,  aged  33  years,  had  been  a  miner  for  20  years, 
having  worked  for  5  years  in  Cornwall  and  for  15  years  in 
South  Africa,  lie  had  worked  for  12  years  witli  rock-drills  on 
the  Rand,  with  three  years'  interval  during  the  war,  wlien  he 
was  at  home  and  not  working.  His  actual  rock-drill  work, 
therefore,  occupied  about  9  years.  lie  stated  that  when  he 
returned  to  South  Africa  in  January,  1902,  he  was  quite  well, 
and  he  remained  actively  at  work  till  June,  1903,  when  he  liad 
an  attack  of  ^^  influenza."  This  illness  probably  was  a  genuine 
influenza,  as  several  others  in  the  same  house  were  simultane- 
ously affected.  I  saw  him  about  this  time  and  noticed  his 
obvious  breathlessness,  and  that  he  suffered  from  ciuigh, 
although  I  made  no  detailed  examination  of  his  chest.  He 
never  worked  again  after  this  attack.  Three  months  later, 
when  he  came  under  Dr.  Frazer's  care,  he  was  breathless  and 
cyanosed,  sleepless,  and  with  no  appetite.  His  pulse  was  very 
rapid,  and  he  had  paroxysms  of  coughing.  His  lungs  were 
full  of  moist  sounds,  and  there  were  areas  of  dulness  on  per- 
cussion posteriorly  and  at  the  right  apex.  Later  he  ])egan  to 
spit  up  immense  quantities  of  black  matter  from  the  lungs, 
and  the  expectoration  was  found  on  examination  to  be  purulent 
and  to  contain  very  large  numbers  of  tubercle  bacilli.  His 
temperature  assumed  a  moderate  hectic  type.     His  downward 


230  Kepokt— 1904. 

progress  was  rapid,  signs  of  cavity  formation  appeared  at  the 
right  apex,  his  cyanosis  and  breathlessness  increased  so  that 
lic^  eventually  could  not  lie  down.  He  died  on  December  2nd» 
less  than  six  months  after  the  onset    of  acute  symptoms. 

Post-mortem  we  found  the  typical  appearances  presented 
in  cases  of  miners'  phthisis,  with  the  addition  of  extensive 
excavation.  The  lun^s  were  of  a  dark  slate  colour.  The  pos- 
terior portions  of  the  right  lung  were  fully  consolidated  and 
very  fibrosed,  and  the  right  apex  was  replaced  by  a  large  necro- 
tic cavity,  while  breaking  down  was  beginning  in  the  lower  lobe 
also.  The  anterior  portions  of  the  lung  were  more  crepitant, 
and  showed  less  extreme  fibroid  change.  The  pleural  cavity 
was  practically  obliterated  by  old  and  firm  adhesions,  and  the 
bronchial  glands  were  enlarged  and  black  on  section. 

The  changes  in  the  left  lung  were  similar,  and  I  need  not 
detail  them. 

The  heart  was  somewhat  dilated,  but  otherwise  normal. 

No  naked  eye  evidence  of  tuberculosis  was  present.  The 
cavities  were  not  typical  of  tubercular  phthisis.  Nor  did  we 
find  microscopic  evidence  of  tuberculosis  in  the  specimens 
examined.  These  consisted,  however,  of  only  three  blocks  of 
lung  tissue,  and  therefore  the  absence  of  tubercular  change  in 
the  portions  examined  does  not  preclude  the  possibility  of  its 
presence  in  other  areas  of  the  lung. 

Dr.  Andrewes,  who  recently  investigated  the  almost  iden- 
tical disease,  which  occurs  amongst  Ganister  miners  in  Eng- 
land, also  states  that  in  the  lungs  there  was  nowhere  any  naked 
eye  evidence  of  tuberculosis.  But  careful  search  showed  the 
presence  of  tubercle  as  a  recent  accessory  phenomenon,  in  the 
form  of  small  miliary  tubercles,  occurring  in  scanty  numbers, 
and  only  in  the  most  advanced  areas  of  fibrous  change.  Two 
lungs  only,  however,  were  examined  by  Dr.  Andrewes.  It  is.  I 
think,  probable  that  extended  investigation  may  show  results 
of  a  similar  nature  in  a  considerable  number  of  cases  of  the 
**  moist  type  ''  of  the  disease  as  it  occurs  here. 

Here,  then,  we  have  a  case  where  an  acute  infection,  in- 
fluenza namely,  apparently  determined  the  invasion  of  tubercu- 
losis, and  definitely  initiated  the  final  breakdown,  and  I  think 
this  is  not  so  very  uncommon.  I  do  not  say  that  all  such 
cases  are  equally  rapid,  for  the  tubercular  invasion  may  be 
in  some  rather  less  acute,  but  those  which  I  have  seen  were 
rapid  enough,  and  in  all  but  one  after  the  onset  of  the  infec- 
tion the  downward  course  was  steady  and  uninterrupted. 

A  further  interesting  feature  of  these  cases  of  pulmonary 
tuberculosis  in  miners  is  this,  that  so  far  as  my  observation 
goes  the  process  is  more  commonly  basal  than  apical  in  origin, 
which  is  quite  the  reverse  of  the  rule  in  uncomplicated  tuber- 
cular phthisis,  but  (juite  what  one  would  expect  in  cases  where 
the  tubercular  infecti(m  is  grafted  on  a  basis  of  silicosis,  which 
is  prone  to  affect  first  the  posterior  and  the  basal  portions  of 
the  lung. 
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Tuberculosis  is  not,  however,  the  only  infective  process 
which  is  prone  to  attack  these  lungs.  Pneumococcal  infections 
also  occur.  Patliologists  are  coming  to  regard  the  pneumo- 
coccus  as  being  comparable  to  tlie  tubercle  bacillus  itself  in 
the  protean  variety  of  the  infective  processes  which  it  may 
cause.  Acute  pneumonia,  empyema,  inflammatory  infections 
of  the  nasal  cavities,  suppurative  inflammation  of  the  middle 
ear,  and  of  the  membranes  of  the  brain  and  spinal  cord,  acute 
inflammation  of  the  heart,  of  the  intestinal  tract,  and  the  peri- 
toneum, and  suppurative  inflammation  of  tlie  joints,  have  all 
been  traced  in  certain  cases  to  the  agency  of  this  organism, 
which  in  Soutli  Africa  we  liave  special  reason  to  dread,  and 
which  causes,  mainly  from  pneumonia  and  meningitis,  a  grim 
mortality  in  our  native  compounds.  But  I  do  not  wish  to 
conjure  up  the  terrors  of  the  pneumococcus,  but  to  speak  speci- 
fically of  its  relation  to  miners'  phthisis. 

It  is  well  known  that  the  pneumococcus  is  a  common 
enough  inhabitant  of  the  mouth  and  the  upper  air  passages  of 
healthy  people,  and  it  has  been  found  also  in  normal  healthy 
*  lungs.  Not  only  so,  pneumococci  obtained  in  this  way  from 
the  moutli  or  nose  of  healthj-  persons  have  been  found  to  pro- 
duce a  fatal  septicaemia  on  injection  into  animals.  In  the 
experimental  work  which  lias  been  done  on  pneumococcal  in- 
fection in  animals  one  series  of  results  is  of  special  interest. 
In  these  it  was  found  that  while  the  insufflation  of  the  pneumo- 
coccus into  the  trachea  did  not  cause  pneumonia,  pneumonia 
did  follow  if  dust  were  simultaneously  injected,  or  if  the  ani- 
mals after  being  kept  warm  were  suddenly  immersed  in  a  cold 
bath  at  the  time  of  the  injection.  This  experimental  result 
has  an  obvious  bearing  not  only  on  pneumococcal  infection  in 
relation  to  mining  life,  but  also  on  the  epidemics 
of  pneumonia  which  prevail  on  the  Rand  during  the  cold 
months  of  the  year,  when  dust  storms  are  common,  and  rapid 
variations  of  temperature  are  very  frequent. 

That  an  acute  pneumonia  may  attack  a  miner  just  as  it 
does  anyone  else,  whom  predisposing  and  exciting  causes  con- 
join to  render  susceptible  to  its  invasion,  need  scarcely  be  men- 
tioned, and  that  an  acute  pneumonia,  developing  in  a  lung 
already  aflfected  by  silicosis,  will  prove  the  more  dangerous  by 
reason  of  that  pre-existing  disability  is  also  obvious  enough. 
But  leaving  these  generalities  aside,  there  are  two  points  re- 
garding the  relation  of  pneumonia  to  miners'  phthisis  which  I 
wish  to  refer  to.  When  pneumonia  attacks  a  lung  previously 
healthy  and  the  patient  recovers,  the  disease  terminates  by  a 
pro<-ess  of  what  is  called  **  resolution.''  The  inflammatorv  pro- 
ducts, which  at  the  height  of  the  disease  blocked  the  alveoli, 
become  licjuefied,  and  are  removed  partly  by  absorption  and 
partly  by  expectoration.  And  the  process  of  absorption  de- 
pends on  the  integrity  of  the  drainage  system  of  the  lung. 
The  main  factor  in  the  drainage  of  the  lung  is  the  lymphatic 
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sytem,  which  terminates  in  the  bronchial  glands.  But  in  a 
lung  affected  by  anthracosis  or  silicosis  this  drainage  system  has 
already  become  impaired,  by  the  interference  with  its  normal 
channels  caused  by  the  presence  of  mineral  particles  and  the 
chronic  inflammation  which  these  excite.  The  lymphatics  and 
ihe  brondiial  glands  cannot  efficiently  perform  their  normal 
drainage  functions.  And  hence  it  is  not  unnatural  that  in 
such  lungs  resolution  is  interfered  with  and  delayed.  The 
pneumonic  consolidation  may  persist  and  become  clironic.  the 
acute  pneumonia  runs  on  into  a  chronic  pneumonia.  I  have 
seen  a  good  many  cases  of  this  nature.  Only  the  other  day  I  saw 
a  miner,  J.  B.,  38  years  of  age,  who  had  been  a  rock-drill  miner 
for  8  years.  Two  months  before  lie  came  under  my  observation 
he  had  an  attack  of  acute  pneumonia.  He  had  not  recovered 
satisfactorily  from  the  attack ;  he  still  had  cough  and  expectora- 
tion, and  was  short  of  breath.  I  found  on  examination  definite 
evidences  of  old-standing  silicosis,  and  I  found  also  that  there 
was  still  some  consolidation  of  that  area  of  the  right  lung 
which  had  been  the  seat  of  the  pneumonia,  with  a  good  many 
fine  moist  sounds.  1  suspected  a  secondary  tuberculosis,  but 
bacteriological  examination  showed  that  the  process  was  not 
tubercular  but  pneumococcal,  and  the  pneumococci  proved,  on 
inoculation,  to  be  pathogenic  to  rabbits. 

That  is  the  one  point  to  which  I  wish  to  direct  your 
attention.  The  second  is  this,  that  not  only  does  one  find  this 
type  of  chronic  pneumonia  following  a  well-defined  attack  of 
acute  pneumonia,  but  one  also  frequently  meets  with  cases  of 
miners'  phthisis  where  there  are  localised  areas  of  pulmonary 
catarrh,  sometimes  of  considerable  extent,  which  run  a  chronic 
course,  and  which  clinicallv  closelv  simulate  the  localised 
catarrh  of  early  tuberculosis.  Yet  when  the  sputum  is 
examined  no  tubercle  bacilli  are  found  while  piicuiiio(()c<i  are 
present.  These  catarrhal  areas  are  often  basal,  but  they  may 
occur  {ilso  in  the  upper  lobes,  or  cm  the  right  side  in  the  middle 
lobe.  This  indeed  is  one  of  the  modes  by  which  the  disease  com- 
monly progresses.  I  could  quote  one  or  two  cases  of  this  sort 
which  have  recently  come  under  my  observation,  and  the  idea 
that  they  were  not  tubercular  but  probably  pneumococcal  in 
nature  is  distinctly  indicated,  I  think,  not  only  by  the  absence  of 
the  tubercle  bacillus  from  the  sputum  and  the  presenct*  of  the 
pneumococcus,  but  by  the  fact  that  several  of  th(»m  cleared  up 
comparatively  quickly  under  treatment.  The  conjunc  tion  is 
too  frequent  to  be  without  significance.  Indeed,  the  iiicue  one 
investigates  the  bacteriology  of  lung  affections  amongst  the 
Rand  miners,  the  more  one  is  struck  by  the  almost  universal 
presence  of  the  pneumococcus  in  the  sputum.  For  example,  of 
the  last  ten  specimens  of  sputum  from  non-tubeiculai  cases 
examined,  pneumococci  were  found  in  eight,  and  in  four  cases 
where  inoculation  was  practised  the  organism  was  found  to  be 
pathogenic  to  rabbits. 
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The  conclusion  one  is  led  to,  therefore,  is  that  the  super- 
Tention  of  tuberculosis  does  not  account  for  all  the  cases  of  the 
moist  type  of  miners*  phthisis  which  we  meet  with,  but  tliat 
other  infective  processes,  and  particularly  subacute  pneumo- 
-coccal  infections,  may  also  be  concerned  in  their  causation, 
f^specially  in  those  cases  which  run  a  less  acute  course.  In 
many,  no  doubt,  pyogenic  organisms  also  co-operate. 

THE  INFLUENCE  OF  MINE  GASES. 

And  now  let  me  mention  very  briefly  the  third  main 
causative  factor,  the  influence  of  mine  gases.  That 
acute  cases  of  "  gassing "  are  usually  due  to  carbon 
monoxide  poisoning  has  always  been  recognised,  and  Dr. 
Fakes  has  recently  found  the  characteristic  spectrosc^opic 
appearances,  indicative  of  the  presence  of  carbon  monoxide  in 
the  blood,  in  more  than  one  fatal  case.  That  cases  of  acute 
irritant  pneumonia  due  to  poisoning  by  nitrous  fumes  also,  but 
much  more  rarely,  occur  is  likewise  known.  These  gases  are 
produced  from  the  nitroglycerine  explosives  which  are  used  on 
the  Rand,  and  the  more  imperfect  the  process  of  explosion  is, 
the  greater  is  the  quantity  of  these  noxious  gases  which  is 
generated.  From  these  facts  it  is  not  a  far  step  to  infer  that 
a  subacute  or  chronic  carbon  monoxide  poisoning  may  be 
amongst  the  dangers  to  which  our  miners  are  under  certain 
working  conditions  exposed,  and  for  his  vigorous  insistence  on 
this  view  credit  is  due  to  Mr.  Heymann,  who  recently'  advanced 
somewhat  strong  opinions  on  this  aspect  of  tlie  Miners'  Phthisis 
question  before  the  Chemical  and  Metallurgical  Society  of 
South  Africa.  The  analyses  of  mine  gases  *'  under  normal 
working  conditions  "  made  under  the  directtion  of  the  Commis- 
sion on  Miners'  Phthisis,  which  are  published  in  their  Report, 
and  which  show  for  **  normal  mine  air  ''  an  average  value  in 
six  samples  of  0.13  per  cent,  of  carbon  monoxide,  have  given  this 
supposition  a  basis  of  experimental  evidence.  One  must  question 
whether  these  samples  are  really  to  be  regarded  as  reprcscnta' 
live  values  of  **  normal  mine  air  under  ordinary  working  condi- 
tions."' They  probably  represent  conditions  which  are  excep- 
tional, and  one  would  like  to  see  them  repeated  and  extended 
before  they  form  the  basis  of  too  much  dogmatism. 
But,  so  far  as  the  evidence  at  our  disposal  carries  us,  it  cer- 
tainly goes  to  show  the  existence  of  a  serious  degree  of  vitia- 
tion of  the  mine  atmosphere,  at  all  events  in  what  we  may  call 
**dead  ends,"  in  the  ends  of  rises,  drives,  and  winzes,  where 
ventilation  is  necessarily  less  eflicient,  and  the  evidence  goes  to 
show  also  that  the  amount  of  carbon  monoxide  present  under 
these  conditions  may  be  sufficient  to  affect  the  health  of  the 
workers,  and  produce  definite  symptoms  on  its  own  account. 
Miners  would  call  these  **  bad  places."  The  recognised  effects  of 
chronic  carbon  monoxide  poisoning  are,  in  the  general  order  of 
their  appearance,  headache,  and    neuralgic    pains,    progressive 
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tniaMiiia,  and  breathlessness  on  exertion,  degenerative  inflam- 
mation of  the  nerves,  and  sometimes  mental  disturbances.     The 
two  hitter  I  have  not  seen,  but  I  agree  that  a  miner  working 
day  after  day  in  such  a  **  bad  place  "  would  suffer  probably  from 
ehnmic;  carbon  monoxide  poisoning.  As  a  matter  of  fact,  it  often 
happens  that  a  miner  tells  j^ou  that,  when  he  was  working  in  a 
rise   or  an   ill-ventilated   drive   continuously   for   three   or   six 
months,  lie  felt  during  that  time  that  he  was  out  of  sorts,  that 
lie  wiis  steadily  getting  weaker,  less  able  to  do  his  work,  and 
more  short  of  breath,  until  finally  he  stopped  his  work,  or  went 
to  a  better  part  of  the  mine.     Then,  he  will  tell  you,  he  began 
to  get  better  again.     Such    cases    as  this    are  not    infrequent. 
Two  months  ago,  for  example,  a  rock-drill  miner  came  to  me. 
lie  was  a  young  man,  aged  25,  and  had  worked  rock-drills  in 
('ornwall  for  10  years,  and  for  six  months  in  South   Africa, 
lie  had  definite  symptoms  and  signs  of  silicosis  of  the  dry  type 
and    was   also   very    anaemic    and   short    of   breath.       He   had 
worked  for  three  months  in  a  "  gassy  ^'  drive,  and  his  boys  liad 
been  **  gassed  '*  several  times.     lie  had  no  tubercle  bacilli   in 
his  sputum.     I  advised  him  to  discontinue  work  for  a  time,  and 
in  a  fortnight  his  anaemia  had  almost  disappeared  and  he  felt 
much  better   although  the  signs  of  silicosis  of  course  remained. 
Now  this  apparently  was  a  case  in  point,  in  which,  superadded 
to  a  primary  silicosis,  there  were  marked  anaemia  and  increased 
breathlessness,  which  were  due  to  a  chronic  carbon  monoxide 
poisoning.    I  have  little  doubt,  then,  that  in  such  cases  we  may 
have  what  we  may  call  a  subacute  or  chronic  carbon  monoxide 
poisoning,  of  a  degree  sufficient  to  cause  symptoms  of  itself, 
and  certain  to  aggravate  any  pre-existing  silicosis.     It  may  be, 
indeed,  that  account  must  be  taken  of  this  factor,  in  explain- 
ing why  miners*  phthisis  is  more  fatal  here  than  in  other  min- 
ing centres.     It  is  quite  likely  that  some  and  even  much  of  the 
anaemia  from  which  miners  suffer  is  traceable    to    this    cause, 
and  tlie  general  anaemia  and  lowered  vitality  also  necessarily 
imply  a  local  lowering  of  vitality  on  the  part  of  the  lung,  ren- 
dering it  more  susceptible  to  the  action    of    irritants    and    the 
invasion  of  infective  processes.       I  agree,  therefore,  that  the 
aggravation  of  miners'  phthisis  caused  by  mine  gases  may    in 
particular  <-a8es  be  considerable  and  may  even  precipitate  a  fatal 
issue.     But  that  carbon  monoxide  can  of  itself  produce  a  fibro- 
sis of  the  lungs  of  the  type  tvhieh  we  find  in  these  cases  I  see 
no  reason  to  believe,  for,  as  I  have  stated,  the  intimate  associa- 
tion of  the  process  of  fibrosis  with  the  presence  of  mineral  par- 
ticles is  in  every  case  unmistakeable  in  the  specimens  which  we 
have  examined  microscopically. 

That  nitrous  fumes  also  are  capable  of  producing  and  main- 
taining catarrhal  changes  in  the  air  passages  and  alveoli  we 
have  always  agreed,  but  the  proportion  of  these  which  are 
actually  present  in  the  analysed  samples  of  mine  air    is  very 


Miners'  Phthisis.  235 

Biuall,  and  hardly  sufficient  to  lead  us   to    regard  this   gas   as 
important  under  ordinary  conditions. 

I  do  not  propose  in  this  paper  to  discuss  the  question  of 
treatment.  The  **  treatment  '*  of  miners'  phthisis  must  be  pre- 
ventive. One  can  do  something  to  ameliorate  symptoms,  and 
it  is  possible  to  promise  to  a  patient,  in  whom  the  processes 
whicli  1  have  described  are  not  too  far  advanced,  that,  if  ho 
^ive  up  underground  work  altogether,  the  urgency  of  his  symp- 
toms, BO  far  especially  as  they  are  due  to  catarrh  or  the  influence 
of  vitiated  air,  will  be  greatly  ameliorated,  and  that  he  may 
enjoy  many  years  of  comparatively  good  health.  But  too  often 
the  warning  and  the  promise  fall  on  deaf  ears.  Our  modern 
working  man,  our  modern  miner  at  all  events,  is  like  some  of 
ourselves,  very  mucli  a  bundle  of  specialised  habits,  and  beyond 
the  narrow  scope  of  these  activities  he  has  no  outlook.  Often, 
too,  lie  may  have  wife  and  children  depending  on  him,  and 
rather  than  risk  the  chance  of  hardship,  with  health  already 
impaired,  which  a  break  with  his  calling  necessitates,  he  will 
clioose  the  graver  risk  of  a  fatal  persistence  in  it. 

And  therefore  what  we  must  aim  at  is  prevention.  A  Com- 
mission is  at  present  investigating  the  question  of  a  possible 
improvement  in  the  ventilation  of  our  mines,  which  might 
mitigate  the  danger  arising  both  from  dust  and  gases,  and  a 
Committee  appointed  by  the  Chamber  of  Mines  is  engaged  in 
investigating  the  question  of  what  practical  devices  can  be 
recommended  for  reducing  the  generation  of  dust  in  drilling 
nnd  blasting  operations.  These  devices  mainly  depend  on  the 
application  of  water,  as  atomiser,  spray,  jet,  or  water  drill.  To 
these  bodies  the  mining  community  looks  for  practical  advice 
to  aid  them  in  reducing  the  incidence  of  miners'  phthisis,  and 
in  staying  so  far  as  may  be  the  high  mortality  of  which  it  has 
hitherto  been  the  cause. 

One  point  more  in  conclusion.  Why,  it  may  be  asked,  ia 
miners'  phthisis  apparently  more  prevalent  and  more  fatal  on 
the  Kand  than  in  most  other  mining  communities?  I  think 
that  the  main  reasons  are  these: — First,  that  the  rock  is  hard 
and  the  mines  are  dry;  second,  that  the  number  of  rock-drills 
used  in  the  mines  is  proportionately  great;  and  third,  that  the 
quantity  of  explosives  used  is  also  proportionately  large. 


KXPLAXATIOX   OF    PLATES,    IX. — XIII. 

Platk  IX. — Right  lun^'of  T.  W.,  miner,  aged  o2.   The  middle  and  lower  lobes  are  fully 
consolidated. 

Platk  X. — Right  lung  of  W.  P.,  Rock-drill  miner,  aged  34.    Two  large  cavities  aro 
apparent  one  in  the  lower  and  one  in  the  middle  lobe. 

]*LATB  XI. — Left  lung  of  J.  T.,  Rock-drill  miner,  aged  37.  Very  advanced  fibrosis  with 
cavity  formation. 
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Pi.4TK  XII. — Microscopic  appearances  of  coraraencing  fibroid  chanj^e  in  case  of  iniDer's 
phthisis  f  X  oOK  The  section  shows  here  and  there  pigmented  particles 
in  the  walls  of  the  air  cells,  and  shows  also  the  special  tendency  of  these 
particles  to  accumulate  round  the  blood  vessels  and  bronchi,  there 
giving  rise  to  irritative  changes  and  the  development  of  new  fibrous 
tissue  Some  of  the  air  cells  are  seen  to  be  the  seat  of  i-atarrh  but  many 
are  normal.  The  aggregation  of  pigmented  particles  in  one  of  the 
interlobular  septa  Is  also  clearly  shown.  Si>ecimen  pref<ired  by  Dr.  K. 
Hamilton. 

Plate  XIII — Section  fiom  same  lung  as  Xo.  5  in  an  area  of  more  advanced  fibro>ls 
(x  50;.  The  nodules  here  shown  are  jiHt  visible  to  the  naked  eye.  The 
development  of  the  fibroid  change  by  the  growth  and  coalesence  of 
nodules  is  well  seen.  Six  no<1ules  are  shown  in  the  field  :  in  the  two 
largest  the  blood  vessel  or  bronchus  around  which  the  fibroid  change 
ori^inallv  developed  has  disappeared,  the  others  still  show  the  blood  vessel 
or  bronchus  in  the  centre  of  the  discrete  nodule.  The  surrounding  air 
celb  are  in  a  condition  of  catarrhal  inflammation  and  numerous  i^groented 
particles  can  be  seen  in  their  walls.  Specimen  prejiared  by  Dr.  K.  T. 
Hamilton. 
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17.— NOTES    ON    SOME    PATHOGENIC    BACTERIA    AS 

FOl^ND  IN  THE  TRANSVAAL,  AND  THE  VARIATIONS 

FROM    THEIR    EUROPEAN    PROTOTYPES. 

By   ¥.    II.  Joseph,   Assistant  Bacteriologist,   Government 

Laboratories. 

Bacteriolop^y  in  the  Transvaal  is,  as  yet,  in  its  infancy. 
In  1898,  I)rs.  Brodie,  Rogers  and  Hamilton*  did  some  valuable 
investigation  on  the  pneumococcns,  and  this  appears  to  be 
tlie  only  work  attempted  prior  to  February,  1903.  So 
tliat,  what  little  knowledge  we  have  of  the  science,  in 
its  application  to  the  peculiar  conditions  of  this  country,  has 
been  practically  all  acquired  during  the  last  fifteen  months. 
But  this  brief  period  has  been  sufficient  to  show  that,  not  only 
is  the  bacterial  flora  of  the  Transvaal  far  dift'erent  from  that 
of  (ireat  Britain  and  the  Continental  countries,  but  that,  owing 
possibly  to  climatic  influences,  many  of  the  recognisable  micro- 
organisms exhibit  considerable  modification  from  the  European 
types. 

It  is  the  purpose  of  this  paper  to  indicate  briefly  some  of 
the  more  striking  points  of  difference  that  I  have  observed 
with  regard  to  the  distribution,  morphology,  virulence,  and 
cultivation  of  a  few  of  the  pathogenic  bacteria. 

PNEUMOCOCCUS. 

The  Pneumococcns  is  the  **  causa  causans ''  of  pneumonia, 
an<l  frequently  of  meningitis  and  other  allied  conditions. 

These  diseases  are  very  prevalent  among  both  the  white 
and  black  populations  of  this  Colony,  and  account  for  a  con- 
siderable percentage  of  the  annual  death-rate. 

Not  only  is  the  Pneumococcns  exceedingly  common  in  this 
country  (being  found  in  at  least  70  per  cent,  of  normal  sputa), 
but  it  is  present  in  a  highly  pathogenic  form. 

Drs.  Eyre  and  Washbourn,  of  Guy's  Hospital,  London,  in 
their  paper  on  "  The  varieties  and  virulence  of  the  Pneumo- 
coccus,"t  state  that  they  had  exalted  the  virulence  of  a  certain 
strain  of  Pneumococcns  to  such  a  degree  that  one-millionth 
part  of  a  loopful  (capacity  of  a  loop  about  J  milligram)  of  solid 
cultivation  of  this  organism  killed  a  rabbit  in  twelve  hours. 

In  the  Government  Laboratories  here,  we  have  strains  of 
the  Pneumococcns,  isolated  from  cases  of  pneumonia  occurring 
in  Johannesburg,  which  are  of  such  virulence  that  otic  ten- 
millionth  part  of  a  loop  (of  approximately  equal  size  to  that  of 
Eyre  and  Washbourn)  invar iablj'  proves  fatal  to  the  animal  in 
the  stated  time.  Therefore  it  is  reasonable  to  assume  that  the 
Pneumococcns  of  the  Transvaal  is  at  least  ten  times  as  viru- 
lent as  the  home  types.  Again,  the  virulence  of  an  individual 
cultivation  appears  to  be  capable  of  being  more  quickly  raised. 

•  "(Jontrilmtions  to  the  Patliology  and  Infection  of  the  Pneumococcus." 
Biodie,  Roi:er«i  and  Hamilton.     Lancet,  Oct.  22nd,  1898. 

t  "The  Varieties  and  Vindence  of  the  Pneuniococcus."  Eyre  and  Wash- 
bourn.    /.fi/icety  Jan    7th,  1899. 
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Dr.  Washbourn  found  that  he  had  to  pass  his  Piieumococcus 
through  twelve  or  more  rabbits,  in  order  to  attain  his  standard 
strength;  whilst  we  have  been  able  to  reach  our  higlior  stan- 
dard by  means  of  but  three  or  four  passages. 

This  organism  is  certainly  far  more  pleomorphic  in  this 
country,  for  diplococci  are  often  seen  that  are  four  or  five  times 
the  normal  size.  Tliis  peculiarity  is  noticeable,  not  only  in 
pure  cultivation,  but  it  is  even  more  strikingly  shown  in 
sputum.  The  streptococcus  form  is  rarely  met  witli  hen\  A 
point  of  considerable  importance  with  regard  to  tlie  Piieumo- 
coccus of  the  Transvaal  is,  that  it  will  grow  in  broth  at  a  tem- 
perature as  low  as  20""  (Vntigrade,even  when  it  is  still  extremely 
virulent.  A  fair  turbidity  is  observed  in  the  medium  at  the 
end  of  48  hours. 

MENINGOCOCCI  S. 

The  Diplococcns  infraccllulans  incnlnfjifidis  (or,  :id 
it  is  now  usually  called,  the  Meningococcus)  was 
first  found  by  Weichselbaum  in  the  cerebro-spinal  exudate  in 
cases  of  basal  meningitis.  It  has  since  been  proved  to  have 
been  the  cause  of  some  epidemics,  as  well  as  certain  sporadic 
cases  of  this  disease. 

The  organism,  as  described  by  Weichselbaum  and  others, 
grows  well  on  the  usual  artificial  media  of  the  laboratory, 
when  incubated  at  body  temperature,  but  ceases  to  grow  at  20 
centigrade.  Individiml  cultures  die  out  very  quickly,  often  in 
four  or  five  days. 

The  Meningococcus  isolated  in  the  Transvaal  from  a  case 
of  undoubted  meningitis,  differs  from  the  above  description  in 
many  points. 

It  can  be  readily  cultivated  at  20^    Centigrade. 

The  growth  on  the  surface  of  gelatin  becomes  visible  to 
the  naked  eye  in  from  forty  to  forty-eight  hours,  and  appears 
as  minute,  slightly  raised,  semi-translucent,  white,  closely- 
packed  colonies,  which  do  not  coalesce  until  the  culture  is 
several  weeks  old. 

In  stab  gelatin  cultures,  the  growth  closely  resembles  that 
of  the  streptococcus,  but  the  colonies  along  the  needle  track 
are  more  delicate.     The  gelatine  is  not  liquefied,  nor  are  bubbles 

of  gas  produced  in  it. 

Moreover,  not  only  does  this  organism  grow  at  20'  Centi- 
grade, but  I  have  successfully  sub-cultivated  after  two  and  a- 
half  months'  continued  growth  at  that  temperature. 

The  other  cultural  reactions  and  morphology  of  this  coccus 
appear  to  coincide  with  the  usual  descriptions. 

BACILLUS    COLI    COMMUNIS. 

The  Bacillus  coli  cownninis  has  been  found  in  many  in- 
flammatory conditions,  chiefly  in  connection  with  the  alimen- 
tary track  and  urinary  system. 

Under  these  conditions  it  frequently  assumes  considerable 


Pathogenic  Bacteeia.  239 

pathogenic  properties;  growth  in  the  tissues  seems  in  some  way 
to  heighten  its  virulence.  This  organism  is  a  normal  inliabit- 
ant  of  human  and  animal  intestines,  and  it  is  more  on  this 
account  than  because  of  its  pathogenicity  that  it  assumes  so 
much  importance.  It  is  for  this  reason  that  its  presence  is 
used  as  an  indicator  of  fsecal  contamination  in  milk,  ice-cream, 
and  food-stuffs,  but  more  especially  in  water. 

The  Bacillus  coli  comnninis  is  found  in  a  great  number  of 
varieties,  but  the  form  that  is  generally  recognised  as  typical, 
and  which  Dr.  Pakes  describes  in  his  **  Observations  on  the  life 
history  of  the  Bacillus  Coli  Communis,"*  has  the  following  ])rin- 
cipal  characteristics:  — 

On  the  surface  of  gelatin  it  gives  a  thin,  semi-translucent 
growth,  which  has  a  very  irregular,  indented  margin,  and  in 
three  to  five  days  spreads  out  almost  to  the  walls  of  the  test- 
tube. 

Milk  is  coagulated,  usually  in  forty-eight  hours,  when  in- 
<'ubated  at  37'   C. 

Dextrose  and  lactose  are  invariably  fermented. 
Sulphuretted  hydrogen  is  evolved  in    from  three    to    four 
days. 

From  observations  of  over  seventy  bacteria  of  the  ('oli 
group  obtained  in  this  country,  and  chiefly  from  water,  I  have 
found  that  the  most  common  type  varies  fairly  considerably 
from  the  aforementioned  standard. 

In  gelatin  cultures,  the  growth  is  more  raised  and  opaque* 
and  spreads  out  but  little  on  the  surface,  while  the  margin  of 
tlie  colony  is  only  slightly  wavy,  or  frequently  quite  regular. 

Milk  takes  longer  to  clot,  usually  five  or  six  days  is  neces- 
sary.    The  reaction  is  rarely  observed  in  forty-eight  hours. 
Dextrose  and  lactose  are  always  fermented,  as  above. 
Sulphuretted     hydrogen    is    produced    scmiewhat    earlier, 
usually  in  from  two  to  three  days,  but  traces  are  often  apparent 
in  24  hours. 

Motility  is  always  observed,  and  appears  on  the  whole  to 
be  somewhat  more  marked. 

This  latter  point  differentiates  the  organism  from  the 
nacillus  Inctis  acrogencs,  with  which  it  might  otherwise  be 
f'onfounded. 

n.  PY0CYAXF.rS. 

The  Bacillus  pifocyancus  has  been  found  in  con- 
nection with  various  lesions  in  the  human  subject ;  and 
Symes  has  stated  that  it  may  be  pathogenic  to  man.  It  gives 
the  peculiar  tint  to  green  pus,  and  is  frequently  present  in  dis- 
charge from  wounds.  It  has  also  been  described  in  diarrhoea, 
and  also  in  some  gastric  diseases  of  children. 

The  bacillus  as  found  in  this  country  conforms  almost  en- 
tirely to  the  usual  text-book  descriptions.     Practically  the  only 

♦  "Observations    on    the    Life    History    of    the    Bacilhis    Ooli    Conmumis." 
Pakes.    Ti-ansactions  of  the  Pathological  Society  of  London,  Vol.  52,  Pt,  II.,  1901. 
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difference  I  have  observed  in  its  cultural  reactions  is  that> 
whereas  the  European  Pyocyaueus  produces  a  slight  acid  re- 
action in  both  lactose  and  saccharose  broths,  the  Transvaal 
strain  invariably  renders  these  media  strongly  alkaline.  Its 
growth  on  other  media,  pathogenicity  and  property  to  produce 
pyocyanin,  are  all  identical.  The  chief  point  of  interest  to  us 
I onccrning  this  organism  is  the  comparative  frequency  witli 
which  it  is  present  in  our  water  supplies. 

In  the  British  Isles  this  bacillus  is  a  very  uncommon  in- 
habitant of  drinking  water. 

Dr.  W.  V.  Pakes  has  made  several  thousand  bacteriological 
examinations  of  water,  collected  from  allparis  of  Great  Britain, 
but  has  isolated  it  only  twice;  yet,  I  have  found  the  typical 
Pyocyaueus  on  no  less  than  six  occasions,  out  of  a  total  of  only 
450  waters,  collected  from  different  sources  in  the  Transvaal. 
We  have  not  yet  been  able  to  determine  the  cause  of  this  phe- 
nomenon, but  in  each  case  the  number  of  other  bacteria  has 
been  excessive,  and  the  water  has  been  bacteriologically  con- 
demned. 

BACILLUS   PESTIS. 

The  outbreak  of  plague  in  our  midst  is  sufficient  cause^ 
to  warrant  a  few  brief  remarks  on  this  organism. 

The  B.  pcstis  is  the  prime  cause  of  plague  in  its  three 
forms — bubonic,  septicaemic,  and  pneumonic. 

As  you  are  aware,  it  is  the  latter  type  which  at  present 
prevails  in  Johannesburg  and  district. 

There  have  already  been  a  few  bubonic  cases,  and  it  is 
probable  as  the  plague  diminishes  in  virulence  the  pneumonic 
variety  will  gradually  give  place  to  the  bubonic. 

A  noticeable  fact  in  connection  with  this  epidemic  has  been 
the  extreme  rapidity  of  the  progress  of  the  disease.  In  most 
of  the  earlier  cases,  the  onset  of  the  symptoms  had  a  fatal  ter- 
mination in  less  than  48  hours,  and  frequently  in  24  hours. 

The  characteristic  bacilli  are  often  present  in  the  sputum,, 
or  even  in  the  saliva  of  living  cases.  After  death  microscopi- 
cal examination  of  the  lung  juice  reveals  large  numbers  of  the 
bacilli;  the  blood  usually  contains  them  in  small  numbers,  aa 
also  the  spleen  and  other  organs. 

In  the  lung,  the  plague  organism  is  often  found  associated 
with  the  Pneumococcus,  and  it  is  on  this  account,  as  well  as 
the  similarity  of  the  symptoms  and  **  post-mortem  "  appear- 
ances, that  pneumonic  cases  of  plague  are  sometimes  recorded 
as  ordinary  rapid  pneumonias;  and  it  is  not  until  the  bubonie 
form  appears  that  their  true  character  is  known. 

The  BaciUua  pcstis  isolated  during  the  present  outbreak 
is,  as  one  would  expect,  one  of  highly  virulent  type.  Guinea- 
pigs  inoculated  intraperitoneally  with  a  pure  culture  of  the 
organism  die  in  from  24  to  48  hours. 

On  one  or  two  occasions  injection  of  half  a  c.c.  of  sputum^ 
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18.— THE  SCIENCE  OF  BACTERIOLOGY  AND  ITS 

COMMERCIAL    ASPECTS. 

By  W.  II.  .ToLLYMAN,  F.I.C.,  F.C.S.,  etc. 

It  is  not  my  intention  this  morning  to  weary  jou  with  a 
long  technical  description  of  the  methods  of  bacteriological 
investigation,  but  I  think  it  advisable  to  mention  the  chief 
characteristics  of  bacteria,  and  to  give  some  idea  of  the  means 
adopted  for  their  isolation  and  identification. 

Bacteria  are  single-celled  organisms  occupying  a  position 
near  the  bottom  of  the  scale  of  living  things,  and,  being  uni- 
cellular, their  structure  is  of  the  simplest  nature,  consisting  of 
a  cell-wall  containing  protoplasm. 

Dividing  bacteria  into  two  general  classes  according  to 
their  shape,  we  have  bacilli — which  are  rod-shaped — and  cocci, 
these  are  spherical. 

The  method  of  reproduction  is  probably  asexual,  a  mature 
organism  simply  divides  into  two  complete  cells,  and  as  this 
division  may  take  place  every  twenty  minutes  one  can  appre- 
ciate that  in  24  hours  a  single  bacillus  would  have  a  family  of 
hundreds  of  millions. 

A  single  bacterium  is  so  small  (about  1-20,000  of  an  inch 
in  length)  that  it  can  only  be  seen  under  the  highest  powers 
of  our  microscopes,  but  when  very  large  numbers  develop  in 
one  spot  their  presence  may  become  ovi<lent  to  the  unaided  eye. 

As  occurring  in  nature,  bacteria  may  be  divided  into  two 
groups — the  parasitic  and  the  saprophytic — but  members  of 
the  former  class  do  not  always  retiuire  a  living  host,  and  some 
of  the  latter  may  at  times  become  parasitic. 

The  disease-producing  organisms  are  chiefly  found  in  the 
parasitic  group,  but  many  members  of  this  class  have  normally 
no  pathogenic  properties. 

The  identification  of  any  bacterium  is  accomplished :  (1) 
By  its  microscopical  appearance,  and  power  of  locomotion  when 
in  a  suitable  fluid  medium ;  (2)  by  its  affinity  for  certain  aniline 
dyes;  and  (3)  by  the  character  and  chemical  reactions  of  its 
growth  upon  culture  media.  The  culture  media  have  usually, 
as  u  basis,  a  watery  extract  of  meat,  to  which  various  chemicals 
may  be  added,  and  which  may  be  solidified  by  the  addition  of 
gelatin  or  agar-agar  (Japanese  sea  moss). 

Other  media,  such  as  milk,  slices  of  potato,  bread,  wort, 
beer,  eggs,  solidified  blood  serum,  etc.,  are  also  used.  To  deter- 
mine the  causal  relationship  of  any  bacterium  to  a  given  dis- 
ease, it  is  necessary  to  isolate  the  organism  from  the  body,  and 
to  reproduce  the  symptoms,  or  induce  death  by  inoculation  of 
the  culture  into  some  animal.  As,  however,  in  some  cases 
human  diseases  are  not  communicable  to  animals,  we  have  to 
assume  frcmi  the  constant  presence  of  the  organism  in  the  part 
of  the  body  affected  that  it  is  really  the  cause  of  the  condition 
observed.  Of  the  parasitic  bacteria  which  are  not  usually 
associated  with  any  disease  there  is  a  large  number,  and  the 
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role  they  play  is  not  always  easy  to  determine ;  tliey  may  be  of 
use,  or  they  may  be  merely  adventitious.  Of  the  non-patho- 
genic bacteria,  we  can  safely  say  that  many  are  of  the  greatest 
value  to  humanity,  in  that  they  are  the  ultimate  factors  bring- 
ing about  the  complete  decomposition  of  the  waste  and  in- 
jurious products  of  the  animal  organism.  That  some  members 
of  the  saprophytic  group  determine  the  fertility  of  a  soil  is  a 
fact,  the  importance  of  which  cannot  be  denied,  and  nowadays 
many  (commercial  processes  are  based  upon  our  knowhulge  of 
the  bacteria  which  bring  about  desired  changes  in  organic  sub- 
stances, but  this  subject  will  be  dealt  with  at  greater  lengtli 
later  on.  You  maj'  perhaps  say,  **  The  science  of  bactericilogy 
may  be  very  interesting,  but  what  practical  results  accrue  from 
its  study?'*  Tlie  object  of  this  paper  is  largely  to  answer  that 
question,  and  I  will  divide  my  reply  into  four  sections,  vshow- 

(1.)  The  assistance  the  science  renders  to  medicine  in  the 
matter  of  diagnosis  of  disease. 

(2.)  The  improved  treatment  and  consequent  lessened 
mortality  resulting  from  a  knowledge  of  the  causal  agents. 

(3.)  The  public  health  and  sanitary  science  aspects  of  the 
study. 

(4.)     The  work  bacteria  do  in  other  than  medical  fields. 

1.  More  rapid  diagnosis  may  be  made  with  the  aid  of  bac- 
teriology in  the  majority  of  cases  of  diphtheria,  tubenailosis, 
pneumonia,  plague,  enteric  fever,  influenza,  cholera,  puerperal 
fever,  anthrax,  and  glanders  in  tlie  human  subject,  and  in  the 
case  of  animals  especial  mention  should  be  nuide  of  tubercu- 
losis and  glanders.  It  may  be  of  interest  to  mention  how  the 
bacteriological  diagnosis  is  made  in  some  of  the  above  cases. 

Take  diphtheria,  for  instance.  A  child  complains  of  a 
sore  throat,  some  of  the  exudate  from  tlie  fauces  is  examined 
microscopically,  and  by  culture  in  suitable  nu'dia.  Within  12 
hours,  and  frequently  within  30  minutes,  the  bacteriologist  hns 
his  result,  which,  if  positive,  is  quite  definite,  and  if  negative- 
well,  there  is  only  a  small  chance  of  error,  and  as  in  tin*  subse- 
quent treatment  of  the  case,  the  life  of  the  child  often  depends 
upon  an  early  diagnosis,  the  value  of  that  bacteriological  ex- 
amination is  obvious. 

Tubercle  bacilli  are  very  often  found  in  the  expectoration 
of  tuberculous  patients  long  before  a  certain  clinical  diagnosis 
could  be  made,  and  here  again  the  value  of  an  early  diagnosis, 
followed  by  suitable  treatment,  is  so  well  known  that  there  need 
be  no  more  said  on  this  point.  In  puerperal  fever,  pneumonia, 
etc.,  the  bacteriological  examination  is  often  attended  with 
great  benefit  to  the  patient. 

Before  discussing  plague,  I  should  like  to  mention  that 
this  paper  was  commenced  some  weeks  before  the  presence  of 
plague  in  Johannesburg  was  discovered.  However,  at  the  pre- 
sent time  I  see  no  reason  for  altering  my  opinions  as  put  down 
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ill  January.  At  that  time  I  wrote  :  *'  This  disease  is  of  special 
interest  to  the  dwellers  in  all  sub-tropical  countries,  so  I  shall 
make  no  apology  for  giving  a  somewliat  lengthened  description 
of  the  methods  of  diagnosis  and  prevention.  So  far  this  coun- 
try has  been  free  from  plague,  and  that  it  may  long  remain  so 
is  the  earnest  wish  of  all,  and  I  am  in  a  position  to  assure  you 
that,  should  this  dreaded  disease  appear,  it  will  never  gain  a 
foothold,  provided  the  inhabitants  co-operate  with  the  medical 
otticers  in  eariying  out  all  necessary  preventive  measures." 

As  is  well  known,  plague  is  largely,  if  not  entirely,  carried 
from  an  infected  area  to  a  new  district  by  rats.  Obviously, 
therefore,  we  should  subject  every  rat  found  dead  to  a  careful 
bacteriological  examination.  The  result  is  obtained  very 
rapi<lly,  and  should  be  followed,  if  a  positive  diagnosis  is  given, 
by  a  crusade  against  all  tlie  rats  in  the  district.  Before  the 
appearance  of  most  plague  epidemics  of  recent  years,  large 
numbers  of  dead  rats  have  been  discovered.  The  present  out- 
break lias  been  remarkable  in  that  the  authorities  had  no  fore- 
warning in  the  shape  of  jdague-stricken  rats  previous  to  the 
outbreak.  Had  these  dead  rats  appeared,  preventive  measures 
would  have  been  adopted  in  the  case  of  every  person  who  had 
been  liable  to  infection.  The  disease  itself  may  be  diagnosed 
bacteriologically  at  a  very  early  stage,  so  you  will  see  that 
being  forewained  we  are  also  forearmed.  But  time  is  short, 
and  I  must  proceed  to  the  second  section  of  my  reply.  The 
benefirial  results  of  an  early  diagnosis  are  obvious,  and  bac- 
teriology has  given  us,  in  many  cases,  specific  cures  for  those 
diseases  which  are  caused  by  bacteria.  I  refer  to  the  antitoxins^ 
and  therapeutic  sera.  Perhaps  the  reasoning  which  led  bac- 
t(?riologists  to  think  that  these  sera  might  be  of  service  and 
the  methods  of  their  preparation  are  not  popularly  known,  so 
a  short  description  may  not  be  out  of  place.  In  a  case  of 
typhoid  f(»ver,  it  has  been  found  that,  after  a  few  days'  illness, 
tiie  patient's  blood  has  a  marked  and  very  characteristic  action 
upon  typhoid  bacilli  grown  in  artificial  media.  As  this  action 
appears  to  be  an  inimical  (me,  it  might  be  thought  that  the 
organisms  causing  the  disease  had  produced  in  the  blood  some 
substance  antagonistic  to  the  causal  bacteria.  That  a  similar 
state  of  affairs  exists  in  artificial  cultures  we  have  abundant 
evidence.  In  view  of  these  facts  it  was  supposed  that  the  blood 
from  diseased  people  might  have  a  beneficial  effect  upon  the 
course  of  the  same  disease  in  another  patient ;  but,  as  human 
blood  is  not  usually  available,  recourse  had  to  be  made  to  ani- 
mal experiment,  aiid,  speaking  generally,  the  procedure  is  as^ 
follows:  -An  animal  which  is  susceptible  to  the  disease  is  in- 
oculated with  a  dose  of  bacteria,  which  has  been  found  experi- 
mentally to  be  too  small  to  cause  death.  Probably  for  a  time 
the  aniinal  will  fall  sick,  but  soon  recovers:  a  larger  dose  is 
then  administered,  for  it  is  found  that  the  animal  is  now  not 
so  susceptible  to  the  disease  as  at  first;  and  so  gradually  m- 
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creasing  doses  are  injected  until  it  becomes  practically  impos- 
sible to  kill  the  animal,  even  though  the  final  dose  may  be 
more  than  a  million  times  as  much  as  would  have  killed  it  nt 
first.  Having  now  made  the  animal  immune,  its  blood  is 
found  to  have  a  marked  disinfectant  action  (either  bactericidal, 
i.e.,  it  actually  kills  the  invading  bacteria,  or  antitoxic,  neu- 
tralising the  poisonous  substances  produced  in  the  body). 

A  quantity  of  blood  is  now  drawn  from  the  body  of  the 
experimental  animal ;  this  is  allowed  to  clot,  and  the  clear  fluid 
separating  is  carefully  preserved,  and  forms  our  antitoxin  or 
serum.  There  are  other  methods  by  which  bacterial  remedies 
are  prepared,  some  of  which  do  not  necessitate  the  use  of 
animals,  but  the  most  effective  agenis  are  prepared  from  blood. 

The  bacterial  sera  may  occasionally  be  used  as  preventive 
vaccines,  but  their  action  is  generally  curative  only. 

A  few  words  on  the  observed  results  of  the  use  of  some  of 
these  sera. 

In  the  case  of  diphtheria  antitoxin,  the  beneficial  effect  of 
its  injection  into  diphtheritic  patients  will  readily  be  seen  when 
I  say  that  in  1891  in  London  22.5  per  cent,  of  the  cases  of 
diphtheria  were  attended  with  fatal  results,  and  in  1901, 
although  diphtheria  had  been  greatly  on  the  increase,  only  11 
per  cent,  of  the  patients  died;  the  great  decrease  in  the  death- 
rate  being  due  solely  to  the  fact  tliat  bacteriology  permitted  of 
an  earlier  and  more  definite  diagnosis  than  clinical  methods, 
and  that  the  study  of  this  science  had  given  the  medical  profes- 
sion a  therapeutic  agent  of  far  greater  value  than  had  been 
possessed  before. 

A  very  large  number  of  experiments  have  been  carried  out 
with  plague  sera  in  India,  and  wliile  these  results  have  not 
been  confirmed  in  other  plague  epidemics,  I  will  quote  one 
statement  relative  to  the  value  of  the  use  of  prophylactic  in- 
ocuhition.  Captain  Leiman,  of  the  I. M.S.,  stated  that  ho  had 
performed  over  80,000  inocuhdions,  with  a  resulting  decrease 
of  90  per  cent,  in  the  number  of  persons  attacked.  (In  the 
case  of  tlie  Joliannesourg  epidemic,  it  must  be  remembered  that 
the  plague  has  assumed  the  most  deadly  form — the  pneumonic 
--and  (^aptain  Leiman's  experience  was  gained  when 
working  with  the  bubonic  type.) 

Pneumonia  is  a  disease  which,  in  this  count rv,  is  as  deadlv 
as  tuberculosis  in  England,  and  at  the  present  time  little  can 
l>e  done  to  check  its  ravages.  However,  there  are  good  grounds 
for  hope,  and  I  may  say  that  there  is  sufficient  evidence  Muit 
before  long  the  denth-rate  from  pneunumia  in  South  Africa 
will  be  very  materially  reduced.  In  England  the  disease  lias 
been  studied,  and  our  knowledge  crreatly  ach'anced,  bv  the  late 
Dr.  Washbourn  and  Dr.  Eyre.  These  workers  paved  the  way 
for  future  bacterioloflrists,  and  have,  by  their  researches,  larjrely 
increased  the  possibility  of  production  of  an  anti-pneumococcic 
serum.     At  the  present  time,  however,  the  most  valuable  serum 
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is  produced  in  Italy  by  Professor  Pane.  It  is  too  early  in  the 
history  of  this  remedy  to  offer  any  statistical  evidence  of  its 
value  upon  the  human  subject,  but  large  numbers  of  animal 
experiments  have  proved  that  it  is  capable  of  saving  life  when 
no  otlior  known  remedy*  would  have  availed. 

I  liave  done  little  more  than  state  dogmatically  that  the 
bacterial  sera  possess  a  very  great  therapeutic  value,  but  I  trust 
the  facts  placed  before  you  are  sufficient  to  justify  one  in  hop- 
ing that  further  work  in  this  important  branch  of  the  science 
will  result  in  a  general  decrease  in  the  mortality  from  the 
many  diseases  of  bacterial  origin. 

In  my  third  section  I  propose  to  deal  shortly  with  the 
methods  adopted  for  the  prevention  of  epidemics.  The  early 
detection  of  the  presence  of  plague  by  examination  of  rats,  and 
some  of  the  preventive  measures  to  be  adopted,  are  alreadj' 
discussed. 

Typhoid  is  a  disease  which  practically  only  assumes  epi- 
demic form  when  the  water  supply  of  a  district  becomes  speci- 
fically infected.  It  is  by  no  means  an  easy  matter  to  demon- 
strate the  presence  of  typhoid  bacilli  in  water,  and  indeed  this 
has  only  been  done  on  a  few  occasions.  This  being  so,  it  may 
be  urged  that  the  bacteriological  examination  is  unnecessary, 
for  the  delicate  chemical  methods  at  the  disposal  of  an  analyst 
will  show  contamination. 

But  chemistry  does  not  go  far  enough.  Bacteriology  not 
only  shows  contamination,  which  may  be  so  slight  as  to  have 
escaped  detection  by  chemical  methods,  but  it  also  demonstrates 
the  origin  of  that  contamination. 

It  is  not  my  intention  to  discuss  further  the  relative  values 
of  the  chemical  and  bacteriological  examination  of  water,  for 
time  is  short,  and  I  wish  to  place  before  you  established  facts. 

It  has  been  stated  that  the  bacillus  of  typhoid  fever  is 
seldom  isolated  from  drinking  water,  but  or&ranisms  which 
must  come  from  the  intestines  of  some  animal  or  man  are  found 
in  the  sewage-contaminated  water,  and  are  absent  from  un- 
polluted supplies,  hence  the  bacteriologist  feels  justified  in  con- 
demning as  unsafe  any  sample  of  water  containing  these  intes- 
tinal organisms,  for  though  at  the  time  of  examination  no 
typhoid  bacilli  are  found,  who  can  say  when  they  may  not  in- 
fect such  a  water,  and  it  is  better  to  lock  your  stable  door  always 
than  risk  losing  your  horse  by  insufficient  care. 

In  the  Maidstone  epidemic  in  England  in  1897-98  there  is 
absolutely  no  question  that  if  the  town's  water  supply  had  been 
periodically  and  frequently  examined,  the  epidemic  would  have 
b(»en  prevented. 

To  pass  to  another  disease,  communicated  largely  by  pol- 
lut4?d  water,  fortunately  not  epidemic  in  this  country    -<*holera. 

During  the  great  cholera  epidemic  in  Hamburg  (Altona) 
it  was  proved  beyond  question  that  the  disease  was  due  to  in- 
f(»cted  water,  for  in  one  street  it  happened  that  the  houses  on 
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one  side  were  supplied  with  the  polluted  water,  and  the  inhabit- 
ants were  decimated  by  the  disease ;  the  other  side  of  the  street 
had  a  pure  supply,  and  the  inhabitants  were  free  from  cholera. 
This  occurred  in  the  infancy  of  bacteriology,  when  Koch  was 
making  some  of  those  remarkable  discoveries  which  set  bac- 
teriology on  a  sound  basis;  such  a  state  of  affairs  could  not 
exist  nowadays  if  the  water  supplies  were  carefully  examined. 

It  is  impossible  to  go  into  the  question  of  investigation  of 
milk  for  diphtheria,  etc.,  or  the  means  adopted  for  stopping  out- 
breaks of  the  disease  in  schools  bv  careful  examination  of  the 
throats  of  all  subject  to  contagion,  but  the  work  is  being  re- 
peatedly undertaken  in  England  and  elsewhere  with  most  satis- 
factory results. 

The  subject  of  public  health  would  not  be  complete  unless 
some  reference  was  made  to  sewage  disposal. 

This  matter  is  easily  dealt  with  in  the  case  of  towns  situ- 
ated by  the  sea  or  tidal  river,  the  sewage  being  conveyed  by 
pipes  to  a  suitable  distance  from  the  shore,  and  being  dis- 
charged on  the  ebb  tide.  This  is  simple,  and  in  some  cases 
satisfactory;  that  it  is  not  always  safe  has  been  proved  by  the 
typhoid  epidemic  two  years  ago  in  Pmgland,  when  the  disease 
was  unquestionably  spread  by  oysters  from  sewage-contaminated 
beds.  Moreover,  a  mixed  sewage  has  a  high  manurial  value, 
and  why  should  thousands  of  pounds  worth  of  good  crop-pro- 
ducing matter  be  thrown  into  the  sea? 

In  inland  towns  the  question  is  more  difficult  of  solution ; 
that  rivers  flowing  near  large  towns  should  not  receive  sewage 
admits  of  no  contradiction.     What  is  to  be  done? 

What  has  hitherto  been  done  has  depended  largely  upon 
local  circumstance.  If  there  is  ample  land  to  be  easily  obtained 
in  the  neighbourhood,  the  sewage  has  been  passed  on  to  it,  the 
land  has  been  farmed  with,  in  many  cases,  very  satisfactory 
results.  For  some  years  past  experiments  on  small  and  large 
scales  have  been  carried  out  to  endeavour  to  determine  if  it  is 
possible  to  make  use  of  Nature's  own  method  of  getting  rid  of 
effete  matter,  and  also  if  that  method  is  capable  of  improve- 
ment. Tlie  bacteriological  purification  of  sewage  is  largely 
practised  at  home,  resulting  in  an  enormous  saving  of  time, 
land,  and  labour.  I  will  give  a  very  few  words  on  the  method, 
but  I  trust  they  will  suffice  to  show  that  the  scientific  method 
is  an  improvement  upon  the  older  farming  process. 

The  decomoosition  of  sewage  is  effected  by  allowing  the 
bacteria  normally  in  the  sewage  to  act  upon  it  in  fairly  deep 
tanks  filled  witli  coke. 

The  first  part  of  the  process  takes  place  in  the  absence  of 
air,  the  sewage  is  then  allowed  to  pass  into  another  tank  where 
the  air  has  easy  access,  and  after  this,  if  the  fluid  is  allowed  to 
undergo  still  further  purification  in  the  presence  of  air,  the 
resulting  effluent  is  clear,  inoffensive,  will  not  undergo  further 
decomposition,  and  may  be  used,  if  possible,  for  agricultural 
purposes. 
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What  has  happened  is  this :  sewage  contains  a  large 
quantity  of  organic  nitrogenous  matter;  this  is,  by  the  first 
purification,  largely  resolved  into  simpler  substances,  among 
which  ammonia  is  one  of  the  chief;  the  second  completes  the 
work.  In  the  presence  of  excess  of  air,  the  bacteria  produce 
from  the  ammonia  compounds  the  nitrates  which  are  essential 
to  the  growth  of  most  plants. 

Now  to  run  over  some  of  the  non-medical  results  of  bac- 
teriology. 

Here  I  might  profitably  refer  back  to  some  of  the  work  of 
one  of  the  founders  of  modern  bacteriology — Pasteur. 

Some  of  his  earliest  work  was  directed  towards  discovering 
the  cause  of  bee  and  silkworm  diseases,  then  to  investigations 
into  the  fermentation  problems  of  wine  and  beer-making,  and 
no  one  who  has  had  any  experience  in  modern  brewing  will 
deny  that  the  results  achieved  nowadays  are  infinitely  better 
than  those  of  thirty  years  ago,  bacteriology  having  shown,  not 
only  the  germ  cause  of  bad  results  in  brewing,  but  also  how  to 
prevent  the  souring  of  alcoholic  fluids,  and  more,  how  to  im- 
prove the  fermented  liquor  by  inoculation  of  the  mashes  with 
suitable  yeasts. 

Time  will  not  permit  of  much  more  than  passing  reference 
to  many  of  the  uses  of  bacteria  in  the  trades,  but  I  should  like 
to  make  special  mention  of  some  of  the  lesser  known  processes. 

Vinegar  and  cider-making  I  will  pass  over.  The  influence 
of  bacteria  on  butter  is  great,  and  the  discovery  of  the  cause  of 
the  souring  of  butter  has  led  to  improved  methods  of  manufac- 
ture. Butter  fat  alone  is  not  a  good  nidus  for  bacteria,  but  when 
mixed  with  water  and  some  nitrogenous  substance  it  is  readily 
turned  rancid.  Without  the  nitrogenous  material  the  bacteria 
cannot  develop,  so  butter  which  is  intended  to  keep  in  good  con- 
dition for  any  length  of  time  should  be  as  free  as  possible  from 
curd.  This  fact  has  led  to  the  introduction  of  improved  forms 
of  separators,  with  correspondingly  satisfactory  results. 

The  ripening  of  cheese  is  entirely  a  bacterial  process,  and 
a  study  of  the  many  organisms  taking  part  will  doubtless  lead 
to  the  production  of  a  more  reliable  article.  The  knowledge 
of  the  agents  brinsring  about  the  souring  of  milk  has  resulted 
in  methods  being  devised  for  sterilising  the  fluid  in  such  a  way 
that,  without  any  added  antiseptic,  milk  may  be  kept  in  per- 
fectly good  condition  for  an  unlimited  time. 

From  milk  and  milk  products  we  will  turn  our  attention  to 
an  industry  which  might  easily  become  one  of  great  import- 
ance to  the  Transvaal  -tobacco  curing.  Experts  tell  us  that 
this  country  is  able  to  produce  a  really  good  quality  tobacco,  but 
so  far  the  manufactured  article  cannot  compete  outside  the 
country  with  the  American  varieties. 

The  quality  of  tobacco  depends  first  upon  certain  flavour- 
ing substances  produced  by  the  growing  plant,  and  secondly 
upon  the  changes  resulting  from  the  bacterial  fermentations 
set  up  by  the  curing  processes. 


i; 
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Hitherto  this  curing  process  has  been  carried  out  by  rule 
of  thumb  methods,  as  was  the  case  in  brewing  operations  a  few 
years  ago,  but  experim^ents  carried  out  by  various  investigators 
upon  the  advantages  of  curing  by  special  cultures  of  bacteria 
obtained  from  well-known  brands  of  excellent  tobacco  gives 
rise  to  the  hope  that  a  scientific  investigation  into  this  subject 
inay  result  in  as  great  an  improvement  in  the  tobacco  produced 
in  this  country  as  has  been  noted  in  the  case  of  fermented 
liquors  at  home. 

While  discussing  the  subject  of  plant  fibres,  I  may  refer 
to  the  preparation  of  good  silos,  again  a  bacterial  process. 
There  is  no  question  that  here  again  science  may  come  to  tlie 
aid  of  the  practical  man,  and  the  study  of  the  bacteria  taking 
art  in  the  production  of  sweet  and  sour  fodder  and  brown  hay 
las  already  resulted  in  improved  methods  for  the  preparation 
of  these  animal  foods,  and  further  investigations  will  doubtless 
lead  to  a  still  further  improvement  in  the  quality  of  the  fer- 
mented material. 

It  is  impossible  for  me  to  enter  into  the  many  other  com- 
mercial processes,  in  which  the  chief  agents  are  bacteria. 

The  influence  of  various  bacteria  in  the  sugar  industry,  in 
tanning,  in  the  conversion  of  rice  into  alcoholic  liquors,  as 
practised  in  Japan,  in  the  production  of  a  large  number  of 
chemicals  of  great  importance  in  some  industries,  may  not  be 
well  known,  but  is  nevertheless  of  vital  importance  to  those 
industries. 

There  is  one  other  branch  of  non -medical  bacteriology 
which  must  be  referred  to — viz.,  soil  bacteriology. 

Plants  of  all  kinds  require  for  their  development  various 
chemical  elements  and  complexes ;  amongst  these,  nitrogen,  in 
the  form  of  nitrate,  is  indispensable  to  the  majority.  In  a  vir- 
gin soil  removed  from  luxuriant  vegetation — say  a  patch  of 
bare  veld — it  is  f(mnd  that  nitrates  are  absent;  if,  however,  this 
soil  is  treated  with  stable  manure,  evervbodv  knows  that  it  will 
soon  become  fertile.     Why? 

Manure  does  not  contain  nitrates,  but  it  does  contain 
plenty  of  nitrogenous  matter,  and  this  by  the  acticm  of  certain 
bacteria  is  converted  into  the  nitrate  required  by  plants. 

The  organisms  observed  in  this  change  are  very  remarkable, 
in  that  they  refuse  to  grow  upon  ordinary  artificial  media,  and 
it  is  only  through  the  researches  of  Winogradsky,  Warington, 
and  Frankland,  who  elaborated  a  solid  medium  similar  in  ap- 
pearance to  agar,  but  having  as  its  gelatinising  constituent,  col- 
loidal silica,  that  the  present  day  we  are  able  to  isolate  and 
study  these  interesting  and  useful  bacteria. 

The  conversion  of  inert  nitrogenous  organic  matter  into 
valuable  manurial  nitrate  takes  place  in  several  steps.  The 
putrefactive  bacteria  always  present  in  manure,  etc.,  convert 
the  nitrogen  compounds  into  ammonia  salts,  then  the  soil 
organisms  start.     One  group  converts  the  ammonia  into  nitrous 
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acid,  the  acid  formed  being  fixed  by  the  lime  in  the  soil,  and 
then,  finally,  another  class  starts,  and  completes  the  oxidation 
of  the  nitrite  into  nitrate,  this  substance  being  in  the  form  re- 
quired for  the  nutrition  of  the  plant. 

I  have  said  that  nitrate  is  required  by  the  majority  of 
plants;  the  minority  require  nitrogen,  but  are  able  to  utilise 
this  element  in  the  uncombined  state  as  it  occurs  in  the  atmo- 
sphere. Here  again,  however,  it  is  largely  through  the  instru- 
mentality of  bacteria  that  this  is  possible.  The  nodules  found 
about  the  roots  of  the  various  members  of  theleguminosae  con- 
tain the  organisms  which  fix  the  atmospheric  nitrogen,  and  pass 
it  on  to  the  plant. 

I  have  got  to  the  end  of  my  little  attempt  to  give  some 
idea  of  the  influence  bacteria  have  over  our  daily  lives,  from 
the  scientific  standpoint,  and  I  must  now  justify  the  title  of 
my  paper. 

To  give  statistics  showing  in  £.s.d.  what  bacteriology  saves 
the  community  is  impossible.  I  can  only  run  over  some  of  the 
chief  items  on  the  credit  side  of  the  account,  and  leave  their 
exact  values  to  your  imagination. 

A  human  life  is  worth  something  to  the  community,  and 
if,  as  a  result  of  bacteriological  investigation  human  lives  may 
be  saved — well,  I  think  bacteriology  will  have  justified  itself. 

The  recent  plague  epidemic  is  testimony  to  the  value  of 
bacteriological  work;  what  might  have  happened  had  not  the 
early  cases  been  examined  bacteriologically  one  cannot  tell,  but 
it  is  quite  certain  that  the  money  value  of  an  earlj-  diagnosis 
has  been  incalculable. 

With  regard  to  the  non-pathological  side  of  the  question 
the  remarks  made  about  brewing,  butter-making,  sewage  dis- 
posal, soil  fertility,  etc.,  will  suffice  to  indicate  the  commercial 
value  of  scientific  investigation  into  these  branches.  What  is 
going  to  happen  in  the  future  as  the  result  of  study  of  bac- 
teriology it  IS  impossible  to  foretell.  On  the  medical  side  men 
are  endeavouring  to  find  out  more  about  the  causes  of  humau 
diseases,  and  to  follow  up  these  discoveries  by  the  introduction 
of  specific  cures. 

Veterinary  bacteriologists  are  doing  the  same  work  foi 
animals. 

In  what  may  be  called  the  bacteriology  of  the  trades  there 
is  no  question  that  there  is  a  great  deal  to  be  done:  brewing, 
tobacco-curing,  manufacture  of  organic  chemicals,  possibly 
glycerine,  and  soap  manufacture  may  before  long  become  bac- 
terial work,  and  so  on. 

Science  is  perennially  supplying  us  with  startling  disco- 
veries, but  1  think  those  of  bacteriology  can  scarcely  be  sur- 
passed. 

The  fact  that  the  major  pcntion  of  human  disease  is  caused 
by  bacteria  of  such  infinitesimal  size,  is  certainly  somewhat  ter- 
rifying, as  it  seems  so  impossible  to  control  or  modify  in  any 
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way,  the  action  of  such  organisms ;  but  one  of  the  aims  of  science 
appears  to  be  to  achieve  the  impossible,  and  now  we  have  many 
bacteria  so  completely  under  command,  that  instead  of  being' 
enemies,  they  can  be  made  to  do  work  that  is  invaluable  to  the 
welfare  of  our  kind. 


19.— ALIEN  PLANTS  SPONTANEOI'S  IN  THE 

TRANSVAAL. 

By  Joseph  Burtt  Davy,  F.L.S.,  F.R.G.S. 

SVMMAllY. 

Definition  of  the  term,  *'  Spontaneous  Alien  Plant." 
i'lassified  and  Annotated  List  of  Species. 

Numerical  distribution  among  genera  and  families. 
Relative  Abundance  of  the  Different  Species. 

Colonists. 

Advent  ives. 

Common  Species. 

Abundant  Species.  • 

Economic  Aspect  of  the  Subject. 

Noxious  Weeds. 

Troublesome  Weeds. 

Innocuous  Weeds. 

Useful  Weeds  and  Other  Aliens. 
Geographical  Distribution. 

Factors  Governing  Plant  Migration. 

The  Origin  of  our  Aliens. 

Routes  of  Travel. 

How  Plants  may  Migrate. 

DEFINITIOX. 

The  phrase  *'alien  plants  spontaneous  in  the  Transvaal" 
refers  to  all  non-indigenous  plants  growing  in  the  Transvaal 
which  are  known,  or  believed,  to  have  made  their  first  appear- 
ance in  the  country  within  historic  times,  and  which  grow  spon- 
taneously, that  is,  without  having  been  artificially  planted  or 
cultivated. 

It  has  been  found  necessary  to  a  clear  presentation  of  the 
subject,  to  include  a  few  species  which  are  native  to  South 
Africa,  but  which  are  either  advent ive  on  the  High  Yeldt  of 
the  Transvaal,  or  are  spreading  as  weeds  on  roadsides,  vacant 
erven,  or  cultivated  lands,  and  are  thus  becoming  weeds. 

Most,  but  not  all,  of  the  troublesome  weeds  of  farm  and 
garden,  e.g..  Burr-weed  and  IMack-jack,  are  aliens.  But  not 
all  aliens  become  weeds;  for  instance,  Ccjsmos,  the  African 
Marigold  and  the  Evening  Primrose,  are  aliens,  and  have  be- 
come naturalised,  being  spontaneous  in  several  places  in  the 
Transvaal,  but  thev  are  not  weeds. 

What,  then,  are  weeds?  Bailey's  English  Dictionary  (17th 
Edition,  IToT)  defines  a  weed  as  **  any  rank  or  wild  herb  that 
grows  of  itself.''  Our  ideas  of  weeds  have,  however,  become 
r^pecialised,  and  more  definite,  with  increased  knowledge  of 
liotany.  Horticulture  and  Agriculhire,  and  a  more  modern  defi- 
nition of  a  w(»ed  is,  **a  jdant  growing  out  of  place.'*  Even  this 
is  incomplete,  and  we  should  pref<»r  to  say  that  a  weed  is  an}f 
phinf  fjnncinfj  spontfincoitsly  where  it  is  not  wanted. 
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classified  and  annotated  list  of  species. 

Oue  liuiulred  and  forty-one  (141)  species  and  varieties  of 
alien  plants  spontaneous  in  the  Transvaal  have  been  collected 
by  the  writer  during  the  past  year.  The  list  may  be  considered 
fairly  complete  as  regards  the  common  weeds  of  the  Bosch- 
veld  and  lloogeveld.  It  is  not  likely  to  be  a  complete  list  of 
alien  plants  of  the  Transvaal,  however,  as  I  have  not  had  oppor- 
tunity to  visit  the  Low  Country  in  the  summer.  It  is  probable 
that  several  aliens  not  enumerated  here  are  to  be  found  in  and 
around  Barberton,  Komatiepoort,  Leydsdorp,  Hapnertsburg,. 
Pietersburg,  Bustenburg  and  Zeerust.  Even  on  the  llooge- 
veld, almost  every  trek  reveals  one  or  two  additional  species, 
sometimes  onlj'  a  solitary  individual  of  each,  introduced  prob- 
ably during  or  since  the  late  war,  with  military  or  repatriation 
forage  or  seeds. 

In  the  preparation  of  the  following  list  the  writer  has  uni- 
formly adopted  the  plan  of  decapitalising  specific  names,  ex- 
cepting only  personal  names  in  the  genitive  case.  The  use  of 
the  abbreviation  **  var.''  between  specific  and  varietal  names  has. 
also  been  dropped.  The  termination  accw  has  been  adopted  for 
all  family  names,  except  in  the  case  of  the  five  families,  Com- 
positee,  Cruciferie,  Graminea?,  Labiatse,  and  Leguminosse;  there 
does  not  appear  to  be  any  valid  reason  for  changing  these  well- 
known  names.  Collections  made  near  Fourteen  Streams,  about 
four  miles  west  of  the  Transvaal  western  boundary,  are  in- 
cluded here,  as  showing  the  westerly  extension  of  range  of  the 
species,  and  a  suggestion  as  to  a  possible  source  of  introduction 
of  some  of  them. 

The  writer  regrets  that  he  had  not  access  to  a  copy  of  Thun- 
berg's  Flora  (^apensls^  in  order  to  cite  that  author's  early  refer- 
ences to  the  occurrence  of  some  of  our  aliens  at  the  Cape.  The 
references  given  in  the  Flora  CapcnsiJi  of  Harvey  and  Sonder 
are  only  cited  in  part,  owing  to  illness  which  prevented  the 
completion  of  this  paper  before  it  was  necessary  to  send  it  to 
press. 

Family  Aizoace.?-:  :  Hottentot-fig  Family. 

Limcuw  linifolium,  Fenzl.  Monogr.  in  Ann.  Wien.  Mus.  I. : 
{\42  (1836).  Native  of  tropical  Africa ;  Senegambia,  Lower 
Guinea  (Angola,  etc.)  and  the  Mozambique  district  (the  Zam- 
besi) ;  it  has  also  been  found  south  of  the  Transvaal  (Caledon 
Biver,  Burle).  Zeerust,  a  common  weed  in  cultivated  ground 
at  Willow  Park  Farm,  May  21,  1903,  Davy  9o;  Fourteen 
Streams,  a  garden  weed,  Feb.  14,  1904,  Davy  1598. 

Family  Amarantace.e  :    Pigweed  Family. 

Ahcrnaniliera  sp.  Pretoria,  on  gravelly  roadsides  at  Clare- 
mont,  June  1,  1903,  Davy  234;  Fourteen  Streams,  a  common 
weed,  Feb.  14,  1904,  Davy  JooO.  A.  sessiilis  occurs  as  a  weed  in 
Natal,  but  the  Transvaal  plant  differs  from  all  specimens  of  A. 
scssilis  and  .4.  nodi  flora  in  the  Natal  Government  Herbarium, 
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and  Dr.  Bolus  has  not  suoceeded  in  matching  it  in  his  collection. 
It  has  the  appearance  of  an  alien.  The  bracts  become  stiff  and 
prickly  in  age,  and  are  unpleasant  to  the  touch  of  bare  hands 
and  feet. 

Amarantus  paniculatii.^f  Linn.  Sp.  PI.  ed.  2,  1406.  Pig- 
weed, Mist-breede,  Taape,  Bredes  malabares.  Native  of  tro- 
pical America;  cultivated  throughout  India  and  Ceylon  and  up 
to  9,000  ft.  alt.  in  the  Himalaya,  for  the  sake  of  its  seeds,  which 
are  eaten  by  the  natives.  In  Africa  and  East  and  West  Asia  it 
occurs  in  cultivation  or  as  an  escape,  Hooker.  An  alien  in 
Xatal  from  :i,000  to  4,000  ft.  alt.,  /.  Mcfllci,  Wood,  Trans- 
vaal :  Probably  the  most  abundant  weed  of  farm  and  garden, 
in  the  Transvaal;  common  in  neglected  gardens,  around  cattle 
kraals,  on  manure  heaps,  oic.  The  young  tender  leaves  are 
boiled  and  eaten  as  spinach  by  natives  and  whites;  a  favourite 
forage  plant  of  horses,  mules,  pigs,  fowls,  ducks,  etc.  Wild 
birds  appear  to  be  fond  of  the  seeds.  The  stems  are  green  in 
young  plants,  but  become  red  with  age.  Pretoria,  alt.  4,400  ft., 
a  common  weed,  Jan.  4,  1904,  JJavij  ^So;  Belfast  (farm  Eiet- 
vlei.  alt.  (5,000  ft.),  the  most  abundant  weed  of  field  and  garden, 
Feb.  5,  1904,  Davy  1258  \  Standerton,  a  garden  weed,  farm 
Benginsel  March  TO,  1904,  Davy  JSOo;  llaaman's  Kraal  R.R. 
Station  (alt.  3,389  ft.),  a  ballast  weed,  Jan.  30,  1904,  Davy  1007. 
Christiana  (alt.  cir.  4,100  ft.),  a  common  garden  weed,  Feb.  16, 
1904,  Davy  1620. 

Aviarantus  spinosu.<i,  Linn.  Sp.  PI.  991  (1753).  Thorny 
PIGWEED,  Thorny  amaranth,  Bredes  malabares  a  piquans. 
Xative  of  tropical  America,  naturalised  elsewhere:  a  common 
weed  around  Durban.  Transvaal: — A  common  weed  on  road- 
sides and  vacant  erven.  Pretoria  (alt.  4,400  ft.),  a  common 
roadside  weed,  Jan,  28.  1904,  Davy  1072 \  Waterval  Boven  (alt. 
4,800  ft.),  a  common  weed,  Feb.  4,'  1904,  Davy  1458  \  Barberton, 
a  troublesome  weed  in  cultivated  ground,  June  10,  1903,  Davy 
'iOO;  specimens  have  also  been  received  from  a  correspondent  at 
Spelonken.  This  species  appears  to  start  growth  later  and  to 
tiowor  later  than  .1.  paniculafus,  L. 

Ajiiarantus  Tliunhcrgii,  Moq.  in  DC.  Prodr.  13  :  pt.  2;  262. 
<'ape  PKiWEKD.  Considered  to  be  a  native  of  South  Africa,  but 
having  all  the  aspect  of  an  alien  to  the  Transvaal,  where  it 
occurs  in  farm-yards,  on  manure  heaps,  and  on  village  road- 
sides. Pretoria,  alt.  4,400  ft.,  a  common  roadside  weed,  1904, 
Davy:  Schweizer  lleneke,  common  farm-vard  weed  at  Vierfcm- 
tein,  Feb.,  1904,  Davy. 

(\'1osia  criainin,  Linn.  Sp.  PI.  205  (1753).  Cockscomb.  A 
tropical  cosmopolite,  occurring  as  an  occasional  and  semi-spon- 
taneous garden  escape  in  the  Transvaal.  Pretoria,  alt.  4,400  ft., 
a  garden  escape  in  town  gardens  and  at  Skinner's  Court,  March 
26,  1904,  Davy. 

Cyafhtila  ylohulifvra  (Bojer)  Moq.  in  DC.  Prodr.  13  :  pt.2  : 
329.        Native  of  Abyssinia,  Madagascar  and   parts  of  South 
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Africa,  Schinz\  occurs  in  Xatal  between  sea-level  and  2,000  ft. 
alt.,  y.  il/.  Wood.  Possibly  indigenous  in  the  Transvaal :  Irene, 
alt.  4,803  ft.,  Nov.  1,  1903,  Davy,  Johannesburg,  Bezuidenhout 
Valley,  April,  1904,  Dacy. 

Goviphrena  globosa,  Linn.  Sp.  PI.  224  (1753).  A  common 
tropical  weed,  of  uncertain  origin.  A  common  roadside  weed 
around  Durban,  June,  1904,  Davy.  Evidently  an  alien  in  the 
Transvaal,  where  it  is  a  common  roadside  weed  :  Pretoria,  April, 
1904.  Our  plant  agrees  with  that  at  Durban,  which  has  been 
named  at  Kew  as  above. 

Family  AMAiiYLLiDACE.i: :    Narcissus  Family. 

Agave  ainericana,  Linn.  Sp.  PI.  323.  American  aloe. 
Native  of  tropical  America.  Largely  grown  in  the  Transvaal  as 
an  ornamental  plant,  and  for  hedges  around  orchards  and  gar- 
dens and  even  at  Kaffir  kraals.  Often  semi-spontaneous  on  the 
sites  of  old  farmsteads  and  Kaffir  kraals.  I  am  not  aware  that 
it  has  yet  become  spontaneous  in  the  bush,  like  Oyuntia  tuna. 

Family  Asclepiadace.e  :   Milkweed  Family. 

Gomphocarpus  frutico.'His  (L.)  R.Br.  in  Mem.  Wern.  Soc.  1, 
38  (1809).  Shrubby  milkweed.  Native  of  the  Mediterra- 
nean region;  naturalised  in  Australia,  where  it  was  introduced 
with  the  early  colonists  and  long  since  established  near  Port 
Jackson  and  other  parts  of  New  South  Wales,  R.  Brown  and 
others.  Has  over-run  many  places  in  the  southern  colonies  of 
Australia;  but  when  by  chance  it  has  been  introduced  into 
Queensland,  it  has  not  taken  kindly  to  the  climate,  preferring  a 
dry,  rather  than  a  damp  summer  heat,  F.  Manson  Bailey.  In 
Natal  it  occurs  between  3,000  and  4,000  ft.  alt.,  ,/.  M.  Wood. 

In  the  Transvaal  it  is  a  common  and  untidy  weed  of  road- 
sides, vacant  erven  and  town  commonage  :  Pretoria,  alt.  4,400ft., 
a  common  weed,  Feb.,  1904,  Davy;  Irene,  alt.  4,800  ft.,  a  com- 
mon weed,  Nov.  1,  1903,  Davy  741  \  Fourteen  Streams,  a  com- 
mon weed,  Feb.  14,  1904,  Davy  1665. 

Family  Bokagixace.i:  :    Borage  Family. 

Cynoglossum  mic  rant  hum,  Desf.,  Tabl.  ed.  1,  220. 
Hounds-toxgue.  Native  of  the  Himalava  and  Burma,  up 
to  8,000  ft.  alt..  Hooker.  It  is  found  in  Natal  from  1,000  to 
4,000  ft.  alt.,  J.  M,  Wood.  In  the  Transvaal  this  is  a  trouble- 
some weed  on  vacant  erven  and  roadsides  in  towns;  the  seed- 
like fruits  stick  closely  to  the  clothing  and  are  easily  trans- 
ported from  place  to  place  in  this  manner.  Waterval  Boven, 
alt.  4,800  ft.,  a  troublesome  weed,  Feb.  4,  1904,  Davy  1431  \ 
Belfast,  alt.  6,400  ft.,  a  common  and  troublesome  weed  on  town 
streets  and  vacant  erven,  Feb.  8,  1904,  Davy  1472\  Standerton, 
alt.  5,000  ft.,  not  uncommon,  Jan.  5,  1904,  Davy  902. 

Lithospermuin  arvense,  Linn.  Sp.  PI.  132  (1T53).  Corn 
CROMWELL.  Native  of  Europe,  N.  Afrii^a,  N.  and  W.  Asia,  and 
N.W.  India.  Introduced  in  the  United  States,  Natal,  etc. 
Adventive  in  oat  stubble  in  the  Transvaal : — Pretoria,  Skinner's 
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Court,  a  solitary  specimen,  Aug.  19,  1903,  Davy  586]  Potcbef- 
stroom,  alt.  4,500  ft.,  a  few  specimens,  Nov.  1904,  Davy. 
Hooker  states  that  this  plant  yields  a  red  dye. 

Family  Cactace.i^:  :    Cactus  Family. 

Opuntia  ficuii'indLca,  Mill.,  Gard.  Diet,  ed  8.  n.  2.  Prickly 
PEAK.  Native  of  South  America  and  the  West  Indies;  exten- 
sively naturalised  in  parts  of  S.  Europe,  N.  Africa,  Australia,, 
and  Cape  Colony,  where  it  has  become  a  veritable  pest,  occupy- 
ing hundreds  of  acres  of  valuable  land,  and  where  it  is  now  so 
thoroughly  established  that  it  would  be  impracticable,  if  not 
impossible,  to  exterminate  it.  From  Cape  Colony  it  was  carried 
by  the  Boers  to  tlie  Transvaal,  where  it  was  planted  for  hedgea 
around  gardens  and  orchards.  In  the  northern  districts  it  has 
\yeon  carried  by  the  natives  to  the  bush  around  their  kraals,  for 
the  sake  of  tlie  fruit,  which  is  eaten  by  them.  It  is  now  spread- 
ing slowly  into  the  bush,  particularly  below  4,500  ft.  alt.  It  is 
common  in  the  ifarico,  Waterberg  and  Zoutpansberg  Districts. 
Near  Zeerust,  in  tlie  bush,  June,  190'i,  Davy;  near  Nylstroom, 
November,  190'{»  Davy.  l{eported  to  be  common  and  spread- 
ing in  Sekukuni's  country:  also  reported  from  near  Heidelberg*. 
It  is  almost  certain  that  O,  tuna.  Mill,  and  O.  inonacantha^ 
Haw.  are  included  in  the  reported  distribution  of  the  "  Prickly 
Pear.'*  The  three  species  have  for  long  been  mistaken  the  one 
for  the  otlier.  Probably  all  three  joccur  in  South  Africa.  O. 
iiionarantha  appears  to  be  common  in  Natal. 

Family  Cappakidace.k  :   Caper  Family. 

Gynandropsis  pcntaphylla  (L.)  DC.  Prodr.  1  :  2.*^8. 
MosAMiiK,  Brede  caya.  Native  of  the  West  Indies,  now  natur- 
alised throusrhout  the  tropics.  Early  introduced  into  South 
Africa,  as  Burchell  collected  it  at  the  Asbestos  Mts.  Trans- 
vaal: — Magaliesberg,  Zvyher:  Warm  Baths,  alt.  3,500  ft.,  not 
uncommon,  Nov.,  1903,  Davy  176(i\  Fourteen  Streams,  a  com- 
mon weed,  Feb.  14,  1904,  Davy  1567.  It  is  said  that  a  seed-pod, 
placed  in  the  ear,  will  quickly  extract  any  accumulati<ms  of 
wax. 

Familv  Cahaopiiyllace.I':  :  Pink  Familv. 

SlJvnv  f/alllra,  Linn.,  Sp.  PI.  417  (1753).  Gux-powder 
WEED  (the  black  seeds  resemble  gunpowder.  Flora  Capefi.^t.s), 
(\)nsidered  to  be  indigencms  to  Europe,  N.  Africa,  Siberia  and  N. 
and  W.  Asia  to  India,  Hool'.  f.  Naturalised  elsewhere  (Cali- 
fornia, Cape  Ccdony,  Natal  below  1,000  ft.,  the  Transvaal,  etc.) 
A  tnmblesome  weed  in  cultivated  ground  and  (in  California) 
on  cattle  ranges.  In  the  Transvaal  it  is  adventive,  but  not  yet 
ccnnmon,  though  showing  signs  ()f  spreading  on  the  Ilifirh 
Veldt : — Belfast,  not  uncommon  on  ballast  at  the  P.R.  Station 
(alt.  G,44()  ft.)  at  the  old  Repatriation  Camp  site,  and  on  town 
erven,  Feb.  7,  1904,  Davy  7.7<S/>:  Potchefstrooni  (alt.  4,500  ft.),  a 
single  plant  among  oak  stubble,  Government  Experiment  Farni> 
Oct.  10,  1903,  Davy  1761, 
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Spergula  arvensts,  Linn.  Sp.  PI.  440  (1753).  Spukrey, 
Corn  spurrey.  Native  of  Europe  (Arctic),  N.  Africa  and  W. 
Asia  to  N.W.  India ;  an  alien  in  N.  America  and  S.  Africa.  A 
weed  in  cultivated  ground  in  Cape  Colony,  Flora  Capensis,  1860; 
a  weed  in  Natal  between  1,000  and  2,000  ft.  alt.,  J.  M,  Wood. 
Adventive  in  the  Transvaal: — Potchefstrooni,  alt.,  4,500  ft., 
adventive  with  seed  oats  on  the  Government  Experiment  Farm, 
Dec.  27,  1903,  Davy  840;  Belfast,  alt.  6,44G  ft.,  several  plants 
on  ballast  at  the  railroad  station,  where  they  get  moisture  from 
the  water-tank  overflow,  Feb.  7,  1904,  Davy  1392. 

Stellaria  viedia,  Cyrill.,  Char.  Comm.  36  (1784).  Chick- 
weed.  Hooker  considers  this  plant  to  be  indigenous  to  **all 
Arctic  and  North  Temperate  regions;  naturalised  elsewhere." 
Cape  Colony,  "a  weed  in  cultivated  ground  everywhere;  intro- 
duced from  Europe,''  Flora  Capcnsisj  1860.  Natal,  below  1,000 
ft.  alt.,  J.  M,  Wood.  Sparingly  met  with  in  the  Transvaal,  in 
damp,  shady  places  in  or  near  town  gardens;  apparently  not 
well  adapted  to  the  climatic  conditions  of  the  High  Yeld  :  - 
Pretoria,  alt.,  4,400  ft.,  between  the  bricks  of  a  shady  water 
furrow  on  Schoeman  Street,  March  16,  1904,  Davy  J7oI; 
Johannesburg,  alt.  5,700  ft.,  in  a  shady  garden  near  Bissik 
Street,  April,  1904,  Davy. 

Vaccaria  vulgaris.  Host.  Fl.  Austr.  1  :  518.  Cow-hehi*. 
Native  of  Southern  Europe,  Asia  Minor  and  Siberia;  naturalised 
in  North  America  and  S.  Africa.  Adventive  in  the  Transvaal, 
and  likelj^  to  become  a  troublesome  grain-field  weed,  as  it  is  in 
California  and  Nevada: — Pretoria,  alt.  4,400  ft.,  a  single  plant 
in  oat.8tub^le  at  Skinner's  Court,  Feb.  1,  1904,  Davy  1191  x 
Standerton,  several  plants  on  the  farm  Beginsel,  in  the  border 
of  an  old  garden,  March  29,  1904,  Davy  1796;  Potchefstroom, 
alt.  4,500  ft.,  a  few  plants  adventive  in  stubble,  Nov.,  1903, 
Davy  1816.     The  seeds  are  poisonous. 

Family  CuENoroDi.vcE.E  :   Goosefoot  Family. 

Chcnopodium  album,  Linn.  Sp.  PI.  219  (1753).  Fat-uen, 
White  goosefoot,  Meld-weed,  Epinard  sauvage;  occasionally 
called  Pigweed,  but  this  name  is  more  generally  applied  to  the 
Amaranths.  Native  of  Europe  (Arctic)  and  temperate  Asia ;  an 
alien  in  N.  America.  Ascends  to  1,000  ft.  in  Yorkshire,  Hooh  f. 
Not  reported  by  Mr.  J.  M.  Wood  from  Natal.  Widely  distri- 
buted in  the  Transvaal  as  a  casual  garden  weed,  but  nowhere 
nearly  so  abundant  as  the  Amaranths :  — Lydenburg,  a  casual 
garden  weed,  June  15,  1903,  Davy  399;  Potchefstroom,  alt. 
4,500  ft.,  a  common  garden  weed,  Dec.  27,  1903,  Davy  1772 \  a 
farm  weed,  Jan.  24,  1904,  Davy  1224;  Pretoria,  alt.  4,400  ft., 
common  on  streets,  waste  places  and  vacant  erven,  Jan.  28, 
1904,  Davy  1076;  Haaman's  Kraal  llailroad  Station,  alt. 
3,389  ft.,  a  ballast  weed  Jan.  30,  1904,  Davy  1106;  Belfast,  a 
garden  weed  at  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy 
1260;  Christiana,  alt.  cir.  4,100  ft.,  a  common  garden  weed,  Feb. 
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IG,  1904,  Davy  IGJO;  Staiiderton,  a  casual  garden  weed  at  farm 
Beginsel,  March  29,  1904,  Davy  ISOL 

Che  no  podium  ambrositndc.'^,  Linn.  Sp.  PI.  219  (1753). 
Mexican  tea,  Ibigicana,  llerbe  pipi,  The  du  Mexique.  Native 
of  tropical  America,  naturalised  in  the  Inited  States.  Natal, 
below  1,000  ft.  alt.,  an  alien,  /.  .1/.  Wood.  Advent ive  in  the 
Transvaal  and  likeh'  to  spread  :--Potchefstroc)m,  alt.  4,500  ft., 
a  common  roadside  weed,  Dec.  27,  1903,  Davy  l(J^i6\  Warm 
Jiaths,  a  common  farm  weed,  Jan.  30,  1904,  Davy  1206;  TTater- 
val  Boven,  alt.  4,820  ft.,  an  occasional  ballast  weed,  Feb.  4,  1904, 
Davy  1467;  Pretoria,  alt.  4,400  ft.,  a  ccmimcm  weed  on  vacant 
erven  and  by  roadsides  March  20,  1904,  Davy. 

(lu'iiopodiuin  hotrys,  Linn.  Sp.  PI.  219  (1753).  Jeui'salem 
OAK.  Native  of  South  Europe.  Natal,  between  1,000  and  3,000 
ft.  alt.,  an  alien,  J.  M.  Wood.  Occasiimal  in  the  Transvaal  as 
an  adventive  weed: — Standerton,  alt.  5,000  ft.,  an  occasional 
weed  on  vacant  erven  and  by  roadsides,  March  28,  1904,  Davy 
17S0,  1786 \  Pretoria,  alt.  4,400  ft.,  occasional  garden  weed, 
April,  1904,  Davy:  Barberton,  in  bush,  1904,  Thonicroft  661,  in 
Natal  Government  Herbarium. 

Chenopodium  vnira](\  Linn.  Sp.  Pi.  219  (1753).  Nettle- 
leaved  cioosEFOOT.  Native  of  Europe,  N.  Africa,  W.  Asia,  and 
N.W.  India;  introduced  in  N.  America  and  S.  Africa.  Natal, 
b<»tween  sea-level  and  2,000  ft.  alt.,  J.  M.  \Vo(fd.  An  occasional 
garden  and  roadside  weed  in  the  Transvaal: — Lvdenburg,  a 
garden  weed.  Tune  15,  1903,  Davy  398:  Pretoria,  alt.  4,400  ft., 
an  occasional  roadside  weed  in  shadv  places,  Jan.  4,  1904,  Davy 
834. 

(licnopodium  poly.'^pcnjnnn,  Linn.,  Sp.  PI.  220  (1753). 
Native  of  Europe  and  Northern  Asia.  Christiana,  Feb.  15, 
1904,  Davy  1616.  The  single  specimen  secured  was  gathered 
under  most  adverse  conditions,  and  is  not  complete,  so  that  I 
cannot  be  certain  as  to  the  species;  it  had  (juite  a  different 
aspect  from  the  specimens  of  C.  album  collected  at  the  same 
time  and  which  were  growing  near  it. 

Faniilv  Comvosit.k  :   Sunflower  Fa  mil  v. 

A7ithc}nis  rotula,  Linn.  Sp.  PI.  894  (1753).  Stixkixg 
<  iiAMOMiLE,  Stinking  may-weed.  Native  of  Europe,  N.  and  W. 
Asia,  W.  India;  an  alien  in  N.  America  and  S.  Africa.  Adven- 
tive in  the  Transvaal;  likely  to  spread  and  to  become  a  trouble- 
some farm  and  garden  weed,  as  it  has  done  in  California:  — 
Potchefstroom,  alt.  4,500  ft.,  a  few  vigorous  plants,  Dec.  27, 
1903,  Davy  843;  lielfast,  alt.  0,400  ft.,  a  few  plants  on  roads 
and  vacant  erven,  Feb.  6,  1904,  Davy  1347:  Standerton,  occa- 
sional in  an  old  garden  on  farm  Beginsel,  March  29,  1904,  Davy 
1700.  The  plant  is  acrid  and  emetic  and  the  foliage  is  said  to 
blister  the  hands. 

Jiidcna  pilosa,  Linn.  Sp.  P.  832  (1753).  Black-jack, 
Beggar-ticks,    Wewenaar,   Widowers,  Sweethearts,    Tm-sheeje, 
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La  Ville-bague;  also  miscalled  Klits-gias,  a  name  more  gener- 
ally applied  to  Setaria  verticillata.  Native  of  the  W.  Indies 
and  S.  America;  now  become  a  common  tropical  and  sub- 
tropical weed.  Introduced  into  S.  Africa  at  an  early  date,  as  it 
is  recorded  to  have  occurred  as  a  weed  in  the  Eastern  Districts 
of  Cape  Colony  and  at  **  Port  Natal ''  in  the  Flora  Capensis 
(1865).  It  is  now  found  in  Natal  between  sea-level  and  5,500  ft. 
alt.,  J.  M.  Wood.  One  of  the  most  common  and  most  trouble- 
some weeds  in  the  Transvaal,  but  like  otlier  "  common ''  plants, 
seldom  collected: — Pretoria,  alt.  4,400  ft.,  June,  1903,  JJacjj. 

Bidvns  pilosn  leucantha  (Willd.)  Harv.,  Fl.  Cap.  3  :  138 
(1864-65).  Black-jack,  Beggar-ticks,  Wewenaar.  Common 
along  the  coast  of  Natal,  between  1,000  and  3,000  ft.  alt.,  J.  M. 
Wood,  and  in  the  Low-country  of  the  Transvaal  at  Barberton, 
etc.,  but  not  commonly  met  with  on  tlie  High  Veld.  It 
appears  to  be  spreading  eastward  and  upward  along  the  rail- 
way : — Avoca  Station,  June  8,  1903,  IJavif  242;  Barberton,  June, 
1903,  said  to  be  a  bad  weed  all  tlirough  the  agricultural  region, 
and  to  be  the  first  weed  to  appear  on  newly-broken  ground ; 
Waterval  Boven,  alt.  4,826  ft.,  common,  Feb.  4,  1904,  IJavy 
7460;  Belfast,  alt.  6,400  ft.,  common,  Feb.  5,  1904,  also  common 
at  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  8,  1904,  Dary  I46S:  Pre- 
toria, alt.  4,400  ft.,  only  two  specimens,  on  the  shaded  bank  of  a 
damp  furrow,  Troye  Street,  Sunnvside,  March  13,  1904,  J)fivy 
7757. 

Chrysanthemum  segeium,  Linn.,  Sp.  PI.  889  (1753).  Corn 
MARIGOLD,  Gowan.  Native  of  Europe,  N.  Africa  and  W.  Asia. 
JIarvey  states  (1865)  that  it  had  already  penetrated  "  the  bush  '* 
50  miles  beyond  the  Kei,  but  it  does  not  appear  to  have  estab- 
lished itself,  for  in  1903  Bolus  and  WooUey-Dod  reported  it  as 
**  rare  "  on  the  Cape  Peninsula.  In  the  Transvaal  I  have  found 
it  in  only  one  locality,  viz.,  Belfast,  alt.  6,440  ft.,  where  it  was 
<*ommon  at  the  railway  station  and  at  the  old  Repatriation 
Camp  site,  Feb.  5,  1904,  Davy  1388. 

Conyza  podocephala,  DC.  Prodr.  5  :  387.  A  native  of  tlie 
Cape  Colony,  which  appears  to  be  an  alien  in  the  Transvaal,  at 
least  on  the  High  Veld,  where  it  is  not  uncommon  by  roadsides 
and  water-courses: — Pretoria,  alt.  4,400  ft.,  common  in  moist 
and  swampy  places  along  the  Aapjies  Kiver,  Dec.  13,  1903,  Davy 
800;  Christiana,  alt.  cir.  4,100  ft.,  im  occasional  weed  by  road- 
Bides  and  in  moist  places,  Feb.  15,  1904,  Davy  1670. 

Cosmos  bipiiniafus,  Cav.,  Icon.  1  :  9.  tt.  14,  79  (1791). 
Cosmos.  Native  of  Mexico  and  South  America  ;  extensivelv  cul- 
tivated  for  ornament,  in  gardens  in  Europe,  tlie  United  States, 
S.  Africa,  etc.  An  occasional  garden  escape  in  the  Transvaal :  — 
Pretoria,  alt.  4,400  ft.,  a  garden  escape  at  Skinner's  Court, 
thoroughly  naturalised,  Feb.  1,  1904,  Davy  7189;  abundantly 
naturalised  along  the  railwav  near  l^oodepoort  and  Florida,  alt. 
cir.  5,700  ft.,  and  Zuurfontem,  alt.  5,456  ft.,  March  26,  1904. 

Cotula  australis,  Hook  f.,  Fl.  Nov.  Zel.  128.    Native  of  Aus- 
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Iralia,  Xew  Zealand,  Tasmania,  and  Tristan  d'Acunha;  natural- 
ised in  California.  This  species  is  very  close  to  the  common 
Asiatic  and  African  Cotuln  anthcmoides,  L.  of  Egj'pt,  Nubia^ 
Bechuanaland,  Natal,  and  Cape  Colony,  and  cannot  always  be 
readily  distinguished  from  it.  In  the  Transvaal  it  occurs" very 
sparingly  in  shady,  damp  places: — Lydenburg,  a  few  plants 
along  the  water-furrow  of  the  main  street,  June  15,  190-^,  Dacy 
4(J2\  Pretoria,  alt.  4,400  ft.,  an  occasional  weed  along  water- 
furrows,  Uct.-Nov.,  lOO^i,  Davii  1773, 

Cri/pfostcwina  caletuhilaceum,  K.B.  in  Ait.  llort.  Kew^ 
ed.  2,  5  :  141.  Cape-weed,  Gouds-bloem.  Native  of  Cape  Col- 
ony, where  it  is  *'  very  common  in  roadsides  and  waste  places 
throughout  the  Colony."  (Flora  Capcnsis);  naturalised  in  parts 
of  Australia,  where  it  has  become  a  troublesome  weed.  In  Natal 
it  occurs  between  1,000  and  2,000  ft.  alt.,  J.  M.  Wood,  I  have 
not  sejg.n  anv  Transvaal  specimens,  but  it  was  reported  bj'  an 
Australian  farmer  as  occurring  on  a  dam  on  the  Springbok 
Flats  in  Nov.,  1903. 

En'geroti  canndensiiii,  Linn.,  Sp.  PI.  863  (1753).  Horse- 
weed.  Native  of  North  America,  but  now  introduced  into  most 
temperate  and  warm  countries.  Heported  from  the  Eastern 
Districts  of  Cape  Colony  and  from  Natal  in  1865,  Flora  Capensis^ 
A  common  garden  and  farm  weed  in  the  Transvaal,  where  it 
seems  thoroughly  at  home  and  where  it  is  likely  to  spread 
rapidly  and  to  cause  much  trouble  in  Lucerne  fields.  It  seeds 
profusely  and  during  a  long  season.  Pretoria,  a  common  orchard 
weed  at  Ilartebeeste-nek  Nov.  14,  1903,  Davy  783;  a  common 
weed  in  cultivated  ground  on  vacant  erven,  and  bv  roadsides  in 
the  town,  Dec.  13,  1903,  Dacy  797;  Waterval  Boven,  alt.  4,826 
ft.,  a  common  weed,  Feb.  4,  1904,  Davy  7429;  Belfast,  a  garden 
weed  at  farm  Bietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy  1254: 
Warm  Baths,  a  troublesome  weed  in  a  Lucerne  patch,  March» 
1904.    In  Natal  it  occurs  below  3,000  ft.  alt.,  J,  M,  Wood. 

Gnaphalititn  lufco-albmn,  Linn.  Sp.  PI.  851  (1753).  Prob- 
ably native  of  Southern  Europe,  now  almost  cosmopolitan,  and 
found  in  Europe,  Asia,  N.  and  S.  Africa,  Australia,  St.  Helena^ 
Brazil,  etc.  It  was  frequently  met  witji  in  the  Eastern  Districts 
of  Cape  Colony  and  in  Natal  in  1865.  In  Natal  it  occurs 
between  sea-level  and  2,000  ft.  alt.,  J,  J/.  Wood.  Not  uncommon 
in  the  Transvaal,  as  a  roadside  weed,  in  damp  places: — ^Pre- 
toria, alt.  4.400  ft.,  common,  Dec,  1903,  Davy  801;  Belfast, 
0,400  ft.  alt.,  a  common  weed  in  town,  Feb.  6,  1904. 

Hypochrrris  radicafa,  Linn.,  Sp.  PI.  810  (1753).  GosMORE,. 
Cat's-ear.  Native  of  Europe  and  N.  Africa;  naturalised  and 
lK»come  a  troublesome  pasture  weed  in  parts  of  Australia  and 
California.  It  does  not  appear  to  have  been  previously  recorded 
from  South  Africa,  and  I  have  found  but  a  single  specimen  :  — 
Belfast,  alt.  6,446  ft.,  a  solitary  plant  on  the  old  Kepatriation 
Camp  site,  Feb.  7,  1904,  Davy  1395.  This  is  such  an  injurious 
pasture-weed  that  it  is  to  be  hoped  it  will  not  become  naturalised 
with  us. 


SroxTANEOus  Aliex  Plants.  2G1 

Mdorella  aiiriculata,  DC,  Prodr.  6:  322.  Var.  :y  (0  Native 
of  South  Africa.  What  appears  to  be  a  variety  of  this  species  is 
occasionally  met  with  as  a  roaclside  weed  in  the  Transvaal, 
having  all  the  aspect  of  an  introduced  plant. 

Osteospennuvi  vmricatum  asperuvij  Harv.,  Fl.  Cap.  3:  441 
(1864-5).  Native  of  Somaliland;  also  found  in  Natal  (from 
'J,000  to  4,000  ft.  alt.),  Zululand  and  others  parts  of  S.  Africa.  In 
the  Transvaal  it  occurs  as  a  roadside  weed  and  is  apparently  not 
indigenous: — Pretoria,  alt.  4,400  ft.,  a  roadside  we*ed,  May  11, 
190'i,  Davy  ifi/Hartebeeste-nek,  a  weed,  Nov.  14, 1903,  Davij  755, 
Sonchus  oleraceusy  Linn.,  Sp.  PI.  794  (1753).  Sow-thistle, 
Milk-thistle.  Native  of  Europe,  N.  and  W.  Asia,  India,  N. 
Africa,  S.  Australia,  New  Zeahuid,  Hook.  f. ;  introduced  in 
America  and  S.  Africa.  In  Natal  it  is  found  between  sea-level 
and  4,000  ft.  alt.,  J.  M.  Wood.  In  the  Transvaal  it  occurs  as  an 
occasional  weed  in  gardens  :  — Lydenburg,  along  water-furrows 
in  the  town,  June  16,  1903,  JJavy  412;  Potchefstroom,  Nov., 
1903. 

Tagetes  e recta,  Linn.,  Sp.  PI.  887  (1753).  Afkicax  mari- 
gold. Native  of  Mexico;  a  favourite  garden  flower.  An  ()cca- 
sional  garden  escape  in  the  Transvaal,  and,  like  other  Mexicans 
(e.g.,  Cosmos,  Zinnia  and  Ipomoea  purpurea)  showing  signs  of 
becoming  naturalised: — Irene,  alt.  4,800  ft.,  naturalised  in  an 
old  brick-yard.  May  6,  1903,  Davy  23;  Waterval  Boven,  alt. 
4,826  ft.,  an  escape  in  the  borders  of  the  town,  Feb.  4,  1904,  Davy 
1433;  Zuurfontein  Ilailroad  Station,  alt.  5,400  ft.,  an  escape, 
April,  1904. 

Tara.racum  officinale,  Weber,  in  Wigg.  Prim.  Fl.  Holsat. 
o6.  Daxdeliox.  Indigenous  to  the  Arctic  and  parts  of  tlie  N. 
and  S.  temperate  regions;  naturalised  in  California.  In  the 
Transvaal  it  occurs  sparingly  as  a  naturalised  weed  in  the  bor- 
<ler8  of  gardens  and  beside  water-furrows: — Potcliefstrooni,  alt. 
4,500  ft.,  common  in  the  border  of  gardens  near  water-furrows, 
Dec.  27,  1903,  Davy  1037.  Tlie  dried  roots  are  a  well-known 
medicine  and  are  also  ground  as  a  coft'ee  substitute :  the  leaves 
are  eaten  as  salad. 

Trayopogon  porrifoliits,  Linn.,  Sp.  PI.  789  (1753).  Salsify. 
Native  of  the  Mediterranean  region;  cultivated  in  gardens  for 
the  sake  of  its  edible  roots,  and  frequently  met  with  as  an  escape 
in  California,  etc.  In  the  Transvaal  I  have  found  only  a  single 
spontaneous  specimen,  but  it  is  likely  to  become  established  hero 
sooner  or  later: — Potchefstroom,  a  garden  escape  at  Haaskraal, 
Jan.  24,  1904,  Davy  121S. 

Xanthium  spinosiun,  Linn.,  Sp.  PI.  987  (1753).  IUhk-weed, 
Spiny  clot-bur,  Boete-bosjie,  Pinoti-bosjie.  Native  of  the  Old 
World  tropics.  Gray;  now  cosmopolitan.  A  most  pernicious 
weed,  against  which  laws  have  been  enacted  in  Cape  Colony, 
Natal,  the  Orange  Iliver  (^olony  and  the  Transvaal,  on  the 
ground  that  the  burrs  are  "  particularly  injurious  to  the  wool- 
Heaning  machines,  and  therefore  [it  is]  to  be  destroyed  under 
fine."    The  spread  of  this  weed  is  a  serious  menace  to  the  stock- 
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raising  industries  of  South  Africa,  particularly  those  of  wool 
and  mohair  production.  The  *'  burrs  '*  are  covered  with  sharply- 
liooked  prickles,  by  which  they  become  tangled  in  the  wool  of 
slieep,  the  hair  of  goats,  and  the  tails  and  manes  of  horses, 
mules  and  donkeys.  Thev  not  onlv  cause  irritation  and  annoy- 
ance  to  the  animals,  whicli  seriousU'  checks  their  growth,  but 
greatly  diminish  the  commercial  value  of  the  wool  and  mohair. 
In  the  Transvaal  lliis  weed  is  most  abundant  on  the  south- 
western borders,  where  it  appears  to  have  been  brought  in  with 
stock  from  the  Orange  IJiver  Colon}',  Griqualand  West  and 
Bechuanaland ;  it  is  reported  that  there  is  some  on  practically 
every  farm  in  the  Bloemhof  and  TVolmaransstad  Districts,  but 
only  in  small  patches  and  around  the  homesteads,  along  road- 
sides, in  vleis  an<l  along  other  water-courses:  it  is  most  abun- 
dant on  town  roads  and  water-furrows.  Potchefstroom  is 
badly  infested  with  the  weed.  The  eastern  districts  are  nearly 
free  from  it,  but  a  few  plants  are  to  be  found  in  almost  every 
town,  and  from  these  it  is  likely  to  spread  to  every  farm,  unless 
they  are  systematically  eradicated. 

I  have  noted  it  in  abundance  at  Fourteen  Streams,  Christi- 
ana, Bloemhof,  Schweizer-Reneke,  Wolmaransstad,  Klerksdorp, 
Potchefstroom  and  Johannesburg: — At  Pretoria,  alt.  4,400  ft. 
(common),  llaaman's  Kraal  Railway  Station,  alt.  3,389  ft.,  Jan. 
30,  1904,  Davy  JJOo;  Warm  Baths  (Vcmimon),  Belfast,  alt.  6,446 
ft.  (only  about  a  dozen  plants) ;  Waterval  Boven,  alt.  4,800  ft.  (a 
few  plants):  Standertcm,  alt.  5,000  ft.  (a  few  plants). 

Xfinthiinn  strumariutii,  Linn.,  Sp.  PI.  987  (1753).  (?) 
CocKLK-m'HH.  Xative  of  the  ( Hd  World  tiiopics,  Gratf^Jiow  almost 
cosmopolitan.  It  has  become  a  bad  pest  in  Australia  and  Natal 
(from  sea-level  to  2,000  ft.  alt.,  J.  M.  Wood);  it  is  a  casual  weed 
in  Kngland.  In  the  Transvaal  I  have  seen  only  one  clump  of 
specimens  (neur  Pn^toria)  and  as  they  were  then  immature,  I  am 
not  yet  certain  as  to  the  identity  of  the  species. 

Zinnia  pa  ur  I  flora,  Linn.,  Sp.  PI.  ed.  2,  1269.  Zinnia. 
Xutive  of  Mexico  and  S.  America,  largely  cultivated  as  an  orna- 
mental gard(»n  plant.  In  18G5  it  was  reported  as  **  common  on 
the  eastcMii  frontier  of  Cape  Colony  and  Xatal,  as  an  escape  from 
cultivation.  Flora  Capcnsls.  In  Xatal  it  occurs  from  1,000  to 
3,000  ft.  alt., ./.  .1/.  Wofnf.  It  is  now  one  of  the  commonest  road- 
si<I('  weeds  in  many  parts  of  the  Transvaal: — Pretoria,  a  com- 
nion  romlside  weed.  May,  1003:  Magaliesberg,  a  common  weed 
in  cultivated  gnKind,  furm  Hartebeeste-nek,  Xov.  14,  1903, 
Dary  7W. 

Family  Co.woLyn.Ac  e.i-:  :    Convolvulus  Family. 

Ifnnnoa  par/mrra.  Roth,  Bot.  Abli.  27.  MoKXIXG  GLORY, 
Convolvulus  major.  Xativ(»  of  tropical  America, commonly  culti- 
vated ns  an  ornanuMital  garden  plant,  and  frequent  as  an  escape 
in  the  Cnited  Stntes,  Mauritus,  South  Africa,  etc.  In  Xatal  it 
occurs  bet w(»en  sea-level  and  1,000  ft.  alt.,  J.  .1/.  Wood.  Water- 
val Boven,  alt.  4,820  ft.,  a  garden  escape,  Feb.  4,  1904,  Davy 
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1460]  Belfast,  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy 
1261 ;  Pretoria,  railway  cutting  at  Daspoort,  Feb.  1904 ;  Potchef- 
stroom,  alt.  4,500  ft.,  an  escape  on  vacant  erven,  March  25,  1904. 

Family  Crucifer.e  :   Cabbage  Family. 

Barbarea  prcecor,  ll.Br.  in  Ait.  Hort.  Kew — ed.  2,  4  :  109. 
(?)  Native  of  Europe;  in  1865  reported  as  a  weed  in  cultivated 
ground  in  Cape  Colonj',  Flora  Capcnsis.  What  appears  to  be 
this  species  is  an  occasional  weed  in  moist,  shady  places  along 
water-furrows  and  the  borders  of  gardens  in  Pretoria. 

Bra.^aica  cawpestris,  Linn.,  Sp.  PI.  666  (1753).  Wild 
KAPE.  Probably  a  native  of  S.E.  Europe  and  S.W.  Asia ;  culti- 
vated all  over  the  civilised  world,  and  found  as  a  weed  in  culti- 
vated ground.  Standerton,  alt.  5,000  ft.,  a  casual  weed  in  the 
hotel  vard,  Jan.  5,  1904,  Davy  894;  farm  Beginsel,  a  casual  weed 
in  an  old  garden,  March  29,  1904,  Davy  1798, 

Brassica  nigra,  Koch,  in  Roehl.  Deutschl.  Fl.  ed.  3,  4  :  713. 
Black  mistard.  Native  of  Europe,  N.  Africa  and  W.  Asia 
eastward  to  the  Himalaya ;  cultivated  throughout  the  world,  and 
naturalised  in  the  United  States;  common  as  an  escape  in  Eng- 
land. Standerton,  an  immigrant  in  a  garden  on  the  farm  Begin- 
sel, March  30,  1904  Davy  1796, 

Capsella  bursa-pastoris,  Medic.  Pflanzeng.  85  (1792).  Shep- 
iiekd's  purse.  Native  of  Temperate  and  Arctic  Europe,  N. 
Africa  and  Asia,  eastward  to  the  Himalaya;  introduced  into  all 
temperate  climates;  ascends  to  1,200  ft.  alt.  in  the  British 
Islands,  Hool-,  f.  In  1860  recorded  as  occurring  in  cultivated 
ground  throughout  ('ape  Colony,  Flora  Capensis,  I  have  found 
onlv  a  solitary  specimen  in  the  Transvaal :  — Belfast,  on  ballast 
at  the  railway  station,  alt.  6,446  ft.,  Feb.  7,  1904,  Davy  1391, 

Coronopus  didyrmis  (L.)  Smith,  Fl.  Brit.  2  :  691.  Wart- 
cress.  Native  of  temperate  South  America ;  a  colonist  else- 
where, HooJc,  f.  Naturalised  in  England,  California,  S.  Africa, 
etc.  In  Natal  it  occurs  below  1,000  ft.  alt.,  J .  M.  Wood.  In 
1860  it  was  recorded  as  occurring  on  waysides  and  on  rubbish 
about  Capetown,  Flora  Capcnsis.  In  the  Transvaal  I  have  seen 
it  only  in  Pretoria,  where  a  few  plants  occur  at  the  foot  of  a 
stone  foundation  at  the  corner  of  St.  Andrios  and  Pretorius 
Streets,  March  17,  1904,  Davy  1749;  it  also  occurs  in  a  garden 
in  Sunnyside. 

Lepidium  capcnsCy  Thunb.,  Prodr.  PI.  Cap.  107.  Cape 
Pepper-cress.  Supposed  to  be  a  native  of  Cape  Colony;  in 
Natal  it  occurs  below  1,000  ft.  alt.,  7.  .1/.  Wood.  In  the  Trans- 
vaal it  appears  to  be  an  alien,  and  is  one  of  the  most  abundant 
of  our  roadside  weeds,  but  seldom  coll(»cted  : — Pretoria,  alt. 
4,400  ft.,  a  common  roadside  weed,  Nov.  29,  190:5,  Dnvif  822; 
Belfast,  alt.  6,400  ft.,  a  common  weed,  Feb.  8,  1904,  Davii  1466. 

Xa.'itiirtiuin  officinale,  B.Br,  in  Ait.  Hort.  Kew.  ed.  2,  4  : 
111.  Water-cress.  Native  of  Europe.  In  1860  reported  as 
occurring  **  in  streams  and  ditches  near  Capetown,  and  at  Kra- 
kukamma,  Fitenhage,  Flora  Capciisi.^.    In  the  Transvaal  I  have 
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only  found  it  in  Pretoria,  in  the  Aapies  Eiver  and  its  tribu- 
taries, where  it  is  said  to  have  been  intentionally  introduced 
some  years  ago.  It  is  reported  as  common  in  certain  fonteins 
near  Morgenzon,  north-east  of  Standerton,  though  not  at  Mor- 
genzon  itself. 

liaplianus  raplinnistriDiiy  Linn.,  Sp.  PI.  669  (1753).  JoiXTED 
CHARLOCK,  White  charlock,  Eunch;  also  callecl  Wild  radish, 
but  this  name  is  more  properly  applied  to  IL  aafius,  which  in 
some  countries  has  become  naturalised  as  a  common  and  trouble- 
some weed.  Native  of  Europe  (Arctic),  N.  Africa,  X.  and  W. 
Asia  eastward  to  India,  Hook.  /. ;  a  colonist  in  England,  Wat.'f.: 
introduced  in  America,  Hool.f.  Adventive  in  the  Transvaal :  — 
Potchefstroom,  alt.  4,500  ft.,  a  few  specimens  in  stubble,  Xov. 
1903,  Davij  ISJo;  Belfast,  alt.  6,446  ft.,  commcm  at  the  railway 
station  and  the  old  llepatriation  Camp  site,  Feb.  7,  1904,  Davy 
1385, 

Sisymhriuw  rnpcnsCy  Thunb.,  Prodr.  PI.  Cap.  109;  Flora 
{'apcnsis  497.  Cape  mustard.  Native  of  Cape  Colony;  found 
also  in  Natal,  below  1,000  ft.  alt.,  /.  M.  Wood.  In  the  Trans- 
vaal it  is  evidently  an  alien  :^ — Standerton,  alt.  5,000  ft.,  a  com- 
mon weed  of  roadsides  and  vacant  erven,  Jan.  5,  1904,  Davy  S%. 

Family  Cyperace.e  :   Sedge  Family. 

(\fpcrns  esculcntus,  Linn.,  Sp.  PI.  45  (1753).  Eixches, 
Uintjes,  Um-tata.  Found  in  all  tropical  and  warm  temperate 
regions  except  Malaya,  Australia  and^Oceania,  C.  B.  (-larl-e;  a 
troublesome  weed  in  Natal.  Evidentlv  an  alien  in  the  Trans- 
vaal,  where  it  is  a  troublesome  orchard  and  garden  weed.  It  is 
difficult  to  eradicate,  as  the  plants  produce  underground  tulxTS 
which  break  off  easily  when  the  plants  are  pulled  or  dug  out,  and 
vach  of  which  will  form  a  new  plant: — Pretoria,  4,400  ft.  alt., 
livhmanu  4776 \  Iloutbosch,  Nehwatui  5664 \  Pretoria,  a  trouble- 
some weed  around  fruit  trees  in  orchards  at  Hartebeeste-nek, 
Nov.  14,  1903 />«r^  765 \  Potchefstroom,  alt.  4,500  ft.,  a  common 
garden  weed,  Dec.  27,  1903;  Davif  So  7,  1769;  Ermelo,  trouble- 
some in  orchards,  Jan.  8,  1904,  Davy  973;  Warm  Baths,  a  com- 
mon weed  in  cultivated  land,  Jan.  31,  1904,  Davy  1161;  Belfast, 
a  plentiful  and  troublesome  garden  weed,  farm  Rietvlei,  alt. 
6,000  ft.,  Feb.  5,  1904,  Davy^  1255, 

Mariscus  sicheriaiuis,  Nees  in  Linnspa  9  :  286.  (Cvperus 
steudelianus,  Breckl.,  in  Linna^a  36  :  382  (1869-70).  N'ative 
of  Tropical  Africa.  Barberton,  a  weed  in  the  Turton  orchard. 
Moody  Concession,  eight  miles  west  of  town,  June  9,  1903, 
Davy  25 J ;  reported  to  be  a  troublesome  weed,  but  my  informant 
may  have  been  mistaken  as  to  the  identity  of  the  species. 

Family  ErnioKBiACE.K :    Castor-bean  Familv. 

Euphorbia  muyninca,  Hochst.  and  Steud.  ex  Boiss.  in  DC 
Prodr.  15  :  Pt.  2,  35.  Native  of  Tropical  Africa.  A  common 
garden  weed  in  Pretoria;  possibly  indigenous. 

Itirinus  communis,  Linn.,  Sp.  PI.  1007  (1753).  Castor- 
bean,  Castor-oil  bush,  Palma  Christi.  Native  of  India  and  possi- 
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l)ly  also  of  Tropical  Africa;  now  extensively  cultivated  and 
naturalised  in  S.  Europe,  X.  and  S.  Africa,  the  southern  and 
Bouth-western  United  States,  etc.  Natal,  from  sea-level  to 
^*J,000  ft.  alt.,  /.  3/.  Wood;  common  in  the  bush  near  Durban. 
Not  uncommon  in  the  Transvaal,  particularly  below  4,600  ft. 
«lt;  Pretoria,  Barberton,  etc. 

Ricinus  communis  lividuSy  Jacq.  (R.  sanguineus,  Hort.  ex 
Oroenland  in  Rev.  Hort.  Ser.  4,  7  :  601  (1858);  see  also  Rev. 
Hort.  Ser.  4,  7  :  182,  IS^J)-  Scarlet  castor-bean.  Pretoria, 
along  the  railway  track  near  tlie  Fountains,  Feb.  25,  1904. 

Family  Gramine.e  :  Grass  Family. 

AnJropogon  halepcnsis  effusus,  Stapf.  in  Hook.  Fl.  Brit. 
Ind.  :  183  (Sorghum  halepense,  Pers.,  var.)  Johxson-grass, 
Ever-green  millet.  Native  of  the  Mediterranean  Region  (S. 
Europe,  N.  Africa,  Asia);  it  occurs  throughout  the  tropics,  but 
particularly  in  Africa.  In  S.  Africa  it  is  found  in  Natal,  Pondo- 
land,  Tembuland,  Little  Namaqualand,  Komgha  and  Knysna, 
Stapf.  The  form  from  which  the  species  was  originally 
<lescribed  is  apparently  only  a  weaker  state  with  smaller  spike- 
lets,  Stapf.  In  Natal,  Mr.  J.  Medley  Wood  reports  that  it  occurs 
between  1,000  and  2,000  ft.  alt.,  but  that  it  is  not  common.  In 
the  Transvaal  it  appears  to  be  extremely  local,  and  is  often,  if 
not  always,  a  colonist : — Zeerust,  along  the  Groot  Marico  River, 
May  22,  1903,  Davy  J 22;  Barberton,  becoming  a  troublesome 
weed  in  Turton's  orchard,  Moody  Concession,  June  9,  1903, 
Davy  248;  Haaman's  Kraal  Railway  Staticm,  alt.  3,389  ft.,  a 
solitary  specimen,  Jan.  30,  1904,  Davy  1088;  Springbok  Flats,  a 
few  specimens  on  farm  Tweeklaagte,  Jan.  30,  1904,  Davy  1128: 
Warm  Baths,  not  uncommon  as  a  farm  weed,  Jan.  31,  1904. 
One  of  the  worst  weeds  of  cultivation. 

Andropogon  sorghum,  Brot.,  Fl.  Lusit.  1  :  S^.  The  Kaffir- 
corns  and  a  Sorghum  are  cultivated  by  the  natives  of  the  Trans- 
vaal, for  food,  and  for  the  preparation  of  a  Kaffir  beer.  I  have 
not  found  any  of  them  growing  spontaneously  in  the  Transvaal, 
^ven  as  escapes,  but  they  are  included  here  because  there  are 
some  Transvaal  records  for  them  in  the  books,  and  in  order  to 
-f^all  attention  to  them  with  a  view  to  eliciting  information. 

Andropogon  sorghum  yesii,  Korn.  in  Baumann,  Usam- 
bara,  319.  White  kaffir-corx.  Found  in  the  Koosa  country 
and  from  Wilge-bosch  Spruit,  in  the  Orange  River  Colony  (?); 
Kaatjes  Kraal,  Knysn^  Div.,  BurchcJl  5278;  Takun,  Bechiuuia- 
land,  BurchelJ  2214  teste  Stapf.  Said  to  be  grown  also  in 
various  parts  of  tropical  Africa,  Stapf.  A  white  Kaffir-corn, 
which  is  probably  this  variety,  is  cultivated  by  the  natives  of 
the  Transvaal  on  the  High  Veld  and  probably  elsewhere. 

Andropogon  sorghum  Srhvnhiij  Korn.  in  Baumann,  I  sani- 
bara,  319.  Red  kaffir-corx.  Type  locality :  ''  Bosch  Yeld, 
north  of  the  Magalies  Mountains,  in  the  Transvaal,  Schcnk. 

s 


266  Report— 1904. 

Said  to  be  jfrown  also  in  various  parts  of  Tropical  Africa.'* 
Stapf,  A  re3  Kaffir-corn  which  is  probably  this  variety,  is  culti- 
vated by  natives  on  the  High  Veld;  Stapf  does  not  state 
whether  Schenk's  plant  was  growing  spontaneously  or  in  culti- 
vation. 

Andropogon  sorghum  saccharatus  (L.)  Korn.  in  Kom.  and 
Wern.  Handb.  d.  Getreidebaues  *U0.  Sorghitm,  Imphee,  Sweet 
sorghum,  Sugar  sorglium.  Stapf  states  that  this  is  said  to  be 
the  commonest  form  grown  in  Tropical  Africa,  and  that  it  is  also 
cultivated  in  Tropical  Arabia,  India,  Southern  Europe,  and  the 
United  States.  It  is  grown  by  the  natives  of  the  Transvaal  to  a 
limited  extent,  for  the  sake  of  the  sweet  canes,  which  they  are 
foiul  of  chewing.  It  does  not  appear  to  be  grown  to  nearly  aa 
great  an  extent  as  the  Kaffir  corns. 

Armido  doiiax,  Linn.,  Sp.  PL  81  (1753).  Giant  reed. 
Native  of  the  eastern  Mediterranean  region  and  the  Orient; 
largely  cultivated  for  ornament  and  naturalised  as  a  garden 
escape  in  many  warm-temperate  countries.  Frequently  culti- 
vated, in  the  Transvaal,  for  ornament,  and  occasionally  found 
as  an  escape :  — Crocodile  River,  north  of  the  Magaliesberg> 
June,  1903. 

Avena  sativa,  Linn.,  Sp.  PI.  79  (1753).  Common  oats. 
Probably  of  Mediterranean  Region  origin,  Stapf:  widely  culti- 
vated for  corn  and  forage  in  the  temperate  regions  of  both  hemi- 
spheres. In  the  Transvaal  it  occurs  sparingly  as  an  escape  from 
cultivation  or  from  scattered  horse-feed  :  — Belfast,  site  of  old 
Repatriation  Camp,  alt.  6,446  ft.,  Feb.  7,  1904,  Davy  1383. 

Bromus  Willdenoicii,  Kunth,  Rev.  Gram.l  :  134  (B.  unio- 
loides,  Auct.  not  of  Willd.)  Rescue-grass,  Prairie-grass^ 
Schrader's  brome-grass.  Native  of  S.  America  and  Mexico, 
perhaps  also  of  the  south-western  Ignited  States  from  the  Indian 
Territory  and  Texas  to  Arizona  and  Southern  California;  intro- 
duced into  Alabama,  N.  California,  Southern  Europe,  India^ 
Southern  Australia,  Tristan  D'Acunha,  S.  Africa,  etc.;  often 
grown  for  forage.  In  tlie  Transvaal  it  appears  to  have  been  intro- 
duced witli  garden  or  farm  seeds,  perhaps  from  Australia,  or  per- 
haps with  forage.  It  is  sparingly  naturalised  in  shady  places,  but 
does  not  appear  to  take  kindly  to  the  climate,  it  is  usually  depau- 
perate and  has  a  "  starved  "  aspect : — Lydenburg,  moist,  shady 
places,  June  16,  1903,  Davy  413;  Potchefstroom,  occasional  at 
Haaskraal,  Oct.  10,  1903,  Dai^y  1764,  shadv  orchards  in  town, 
Dec.  27,  1903,  Dary  1767;  Warm  Baths,  alt.  3,500  ft.,  in  the 
shade  of  a  Banana  plantation,  Nov.  1903,  Davy  1759;  Belfast, 
an  orchard  weed  at  farm  Rietvlei,  alt.  6,000  ft.,  common  under 
trees,  but  depauperate  except  where  it  gets  a  little  irrigation, 
Feb.  5,  1904,  Davy  126*5,  It  is  said  that  horses  refuse  to  eat  it 
when  it  has  grown  in  the  shade. 

Chloris  virpata,  Swartz,  Fl.  Ind.  Occ.  1  :  203.  Rhodes^ 
grass,  Chloris,  Sweet-gtass,  Blue-grass.  Widely  spread  through 
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the  tropics  of  both  hemispheres,  Stapf.  Common  throughout  S. 
Africa;  apparently  an  alien  in  the  Transvaal,  at  least  on  the 
High  Veld,  where  it  is  most  abundant  along  roads,  in  old  maize 
or  oat  fields  and  in  vleis : — Near  Lydenburg,  Atherstone;  Zee- 
rust,  a  weed  in  cultivated  land  at  Willow  Park  Farm,  May,  1903, 
Davy  661;  Pretoria,  alt.  4,400  ft.,  a  common  weed  in  cultivated 
land,  October,  1903,  Davy  1774]  Standerton,  alt.  5,000  ft.,  a 
common  weed,  Jan.  5,  1904,  Davy  907 ;  Haaman's  Kraal  Railroad 
Station,  alt.  3,389  ft.,  Jan.  30,  1904,  Davy  1090.  A  valuable 
annual  hay-grass,  much  liked  by  stock  when  properly  cured. 

Cynodon  dactylon' (L,)  Pers.  Syn.  PI.  1:  85.  Bekmuda- 
GRASS,  Dog's-tooth  grass,  Doub,  Doob,  Dub,  Regte  kweek-gras, 
Tweek-grass,  Chien-dent.  Indigenous  throughout  India,  where 
it  ascends  to  5,000  ft.  alt. ;  now  almost  cosmopolitan,  occurring 
all  around  the  world  in  the  two  warmer  zones.  In  Natal  it 
occurs  below  1,000  ft.  alt.  /.  M.  Wood.  In  the  Transvaal  it 
appears  to  be  an  alien,  it  is  common  around  homesteads,  outspan 
places,  roadsides  and  vacant  erven  in  towns  and  villages :  — 
Houtbosch,  Rehmann  5713;  near  Lydenburg,  Wilms  1701; 
Pretoria,  a  troublesome  weed  in  orchards,  Hartebeeste-nek,  Nov. 
14,  1903 ;  Fourteen  Streams,  common,  Feb.  14,  1904,  Davy  1585 ; 
Schweizer  Reneke,  common  around  farmstead,  Vierfontein,  Feb. 
17,  1904,  Davy  1634.  The  principal  pasture  plant  in  many  warm, 
dry  climates,  but  a  most  injurious  weed  in  orchards,  gardens  and 
farm  lands,  where  it  is  almost  impossible  to  eradicate  it  if  once 
well  established. 

Dactylocteniuvi  cegyptium  (L.)  Willd.  Enum.  PI.  Hort. 
Berol.  1029  (1809).  Crowfoot-grass,  Duck-grass,  Chiendent 
patte  de  poules;  original  home  uncertain;  now  widely  spread 
throughout  the  tropical  and  sub-tropical  regions  of  both  hemi- 
spheres, Stapf.  Commonly  naturalised  in  the  Southern  United 
States  and  sparingly  in  California.  It  is  occasional  in  the  Coast 
region  of  Cape  Colony,  near  the  mouth  of  the  Kei  River,  etc. ; 
also  in  the  Eastern  region ;  in  Pondoland,  on  the  shore  between 
the  Umtsikaba  and  Umtentu  Rivers ;  on  the  Durban  Flats,  and 
elsewhere  near  Durban  and  at  Delagoa  Bay.  In  the  Transvaal 
this  grass  appears  to  be  an  alien,  at  least  on  the  High  Veld 
and  in  the  Bush  Veld,  but  it  is  possibly  indigenous  to  the  Low- 
country  north  and  east :  — Klippan,  in  the  Bosch-veld,  Reh- 
viann  5357;  Warm  Baths,  alt.  3,524  ft.,  a  common  weed  along 
the  road  from  the  railroad  station  to  the  baths,  Dec.  1903,  Davy 
1758;  Haaman's  Kraal  Railroad  Station,  alt.  3,389  ft.  a  ballast 
weed.  Jan.  30,  1904,  Davy  1095 ;  Pretoria,  alt.  4,400  ft.,  an  occa- 
sional garden  weed  (escaped  from  a  lawnP),  March,  1904,  Davy. 
In  Durban  it  is  sometimes  used  for  lawns;  in  the  Southern 
United  States  it  is  usually  found  in  cultivated  fields,  often  in 
«uch  abundance  as  to  displace  the  less  vigorous  native  grasses, 
and  it  is  sometimes  cut  for  hay,  Scrihner.  Though  an  annual 
grass  it  is  said  to  be  valued  for  pasture  in  Australia.     Hackel 
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states  that  in  parts  of  Africa  a  decoction  is  prepared  from  the 
seeds,  which  is  used  for  inflammation  of  the  kidneys. 

Eleusine  indiva  (L.)  Gaertn.  Fruct.  1  :  8.  Goose-grass, 
Chiendent  patte  de  poules.  Native  of  the  tropics  of  the  Old 
World;  prohahly  introduced  in  the  new  world,  Stapf. 
Natal,  a  troublesome  weed,  growing  very  rank  under 
favourable  conditions,  /.  M.  Wood.  In  the  Transvaal  it 
is  a  troublesome  weed  of  gardens,  roadsides  and  cultivated  lands ; 
it  roots  deeply  and  holds  tenaciously  to  the  soil :  — Johannesburg, 
E.S.C.  A.  Herb.  307  teste  Stapf.;  Potchefstroom,  alt.  4,500  ft.,  a 
common  roadside  weed,  Jan.  23,  1904,  Davy  106S\  Pretoria, 
alt.  4,400  f t^  common  roadside,  garden  and  farm  weed,  Jan.  16, 
1904,  Davy  1039 \  Warm  Baths,  alt.  3,524  ft.,  a  common  weed  in 
cultivated  ground,  Jan.  31,  1904,  Davy  1142;  Waterval  Boven, 
alt.  4,826  ft.,  common  weed  on  railway  ballast  heaps,  Feb.  4, 
1904,  Davy  1432;  Schweizer  Beneke,  a  common  roadside  weed, 
Feb.  18, 1904,  Davy  1674;  Standerton,  a  small  patch  on  the  farm 
Beginsel,  introduced  with  manure  or  forage,  March  29,  1904; 
Belfast,  alt.  6,400  ft.,  a  garden  and  roadside  weed,  Feb.  5,  1904, 
Davy  1264;  Irene,  alt.  4,800  ft.  a  common  weed,  Feb.  25,  1904. 

Eragrosti.s  minor  meqaatachya  (Link)  DavyinJepson  Flor. 
Midd.-West  Calif.  60  (1901)  (E*.  major.  Host).  Stixk-grass. 
Native  of  the  Mediterranean  region  and  India;  probably  intro- 
duced in  S.  Africa,  Stapf;  spread  through  the  two  warmer  zones 
of  both  hemispheres.  Baker.  Only  occasional  in  the  Transvaal : 
Near  Lydenburg,  Atlierstone;  Warm  Baths,  a  common  weed  in 
cultivated  ground,  Jan.  31,  1904,  Davy  1143  and  March  7,  1904, 
Davy  1704;  Standerton,  alt.  5,000  ft.,  an  occasional  weed,  March 
28,  1904,  Davy  1782. 

Lolium  temulentum,  Linn.  Sp.  PI.  83  (1753).  Darxel, 
Cheat.  Native  of  Europe,  N.  Africa,  W.  Siberia,  and  India; 
Hook.  f.  introduced  in  N.  America,  S.  Africa,  etc.,  a  colonist  in 
England,  Watji.  Adventive  in  the  Transvaal,  in  grain -fields, 
etc.  Matebe  Valley,  Holub;  Potchefstroom,  alt.  4,500  ft.,  natur- 
alised on  roadsides,  Dec.  27,  1903,  Davy  862,  and  in  oat  stubble, 
Oct.  10,  1903,  Davy  1762;  Pretoria,  alt.  4,400  ft.,  an  occasional 
weed,  March,  1904.    The  grain  (**  seed  ")  is  very  poisonous. 

LoJium  trmulcntum  arvense  (With.)  Synie.  Beardless 
DARXEL,  Beardless  cheat.  Distribution,  same  as  that  of  the 
species?  Potchefstroom,  alt.  4,500  ft.,  in  oat  stubble,  less  com- 
mon than  the  species,  Oct.  10,  1903,  Davy  1763;  Pretoria,  alt. 
4,400  ft.,  an  occasional  weed,  March,  1904. 

Panicuin  hrlopits  ffhihrcsrcns,  K.  Schum.  in  Engl.  Pfl.  Ost. 
Afr.  C.  101.  Native  of  East  Africa,  Abyssinia,  the  Mascarene 
Islands,  and  India:  reported  from  Natal,  the  Orange  Biver 
Colony,  and  the  plains  near  Queenstown  at  an  altitude  of 
3.500  ft.  A  troublesome  annual  wee<l  of  cultivated  land  in  the 
Transvaal: — Pretoria,  alt.  4,400  ft.,  a  comiiKm  and  troublesome 
weed,  Dec.  16, 19a3,7>^r.v  789,  and  at  TTartcbeeste-nek,  Nov.  14, 
1903,  Davy  785;  Standerton,  alt.  5,000  ft.,  a  common  weed  by 
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roadsides  and  in  gardens,  Jan.  5,  1904,  Davy  906;  Haaman's 
Kraal  Bailroad  Station,  alt.  t^,389  ft.,  a  ballast  weed,  Jan.  30, 
1904,  Davif  1094.  Seeds  profusely,  the  grain  ripening  and  fall- 
ing irregularly. 

Panicum  isachne,  Roth  ex  Iloem.  and  Schult.  Syst.  2  :  458  ; 
Nov.  PI.  Sp.  54.  Native  of  the  Mediterranean  region,  Abyssinia 
and  India;  found  also  in  Natal,  Basutoland,  the  Transkei  and 
Beehuanaland.  In  the  Transvaal  it  is  a  troublesome  weed  of 
cultivated  lands,  difficult  to  eradicate,  as  it  roots  at  the  nodes, 
and  the  internodes  break  easily  when  it  is  hoed  or  pulled, 
leaving  the  nodes  (** joints")  to  form  new  plants: — Pretoria, 
alt.  4,400  ft.,  a  common  and  troublesome  weed,  Dec,  1903, 
Davy  790;  Skinner's  Court,  common  in  wet  black  loam,  Dec, 
1903,  Davy  793;  Waterval  Boven,  alt.  4,826  ft.,  an  occasional 
weed,  Feb.  4,  1904,  Davy  1444;  Belfast,  a  garden  weed  at  farm 
Bietvlei,  alt.  6,000  ft.,  F*eb.  5,  1904,  Davy  1269:  Standerton,  alt. 
6,000  ft.,  a  common  roadside  weed,  Jan.  5,  1904,  Davy  897;  a 
garden  weed  at  farm  Beginsel,  March  29,  1904,  Davy  1793. 

Paspaluvi  diJatatum,  Poir.,  Encycl.  5  :  35.  Lakge  water- 
crass,  Breedzaad.  Native  of  Brazil;  naturalised  (apparently) 
in  the  S.E.  United  States;  an  alien  in  Australia  and  S.  Africa. 
Cultivated  for  pasture  in  Australia  and  (experimentally)  in 
Natal,  the  Orange  River  Colony,  and  the  Transvaal :  — Lyden- 
burg,  well  established  near  the  spruit,  June  16,  1903,  Davy  408 ; 
Pretoria,  alt.  4,400  ft.,  well-established  and  spreading  rapidly 
in  moist  soils,  along  the  Aapies  River  and  near  water-furrows 
in  the  lower  parts  of  town,  Dec.  190'},  Davy  788.  Considered  an 
excellent  pasture  grass,  and  when  well  established  enduring 
seasons  of  excessive  drought  without  injury.  It  is  particularly 
valuable  as  furnishing  excellent  late  summer  and  autumn  feed, 
during  which  period  it  makes  its  principal  growth,  Scribner. 

Penni.^etutn  spicatum  (Willd.)  Roem.  and  Schult.  Syst.  2 
499.  Pearl-millet,  Cat-tail  millet,  Leeuja  (Sesutu),  Umvelli- 
velli  (Matabele).  Native  of  Tropical  Africa  (and  India?);  cul- 
tivated in  numerous  forms  in  Tropical  Africa  and  India,  for  its 
^raiu;  and  in  the  United  States  for  forage;  in  S.  Africa  it 
appears  to  occur  only  as  a  cultivated  crop  or  as  an  escape. 
Stapf  cites  the  following  collections: — **  In  Mr.  Hesse's  garden 
at  Cape  Town,  brought  from  Inhambane,'*  Burchell;  in 
Tabana's  gardens,  Cave  Mountains,  Transvaal,  yehon,  38;  near 
Durban,  Drcpe;  Delagoa  Bay,  Scott;  Orange  River  Colony, 
Cooper.  In  the  Transvaal  I  have  only  seen  it  as  a  cultivated 
crop: — Springbok  Flats,  cultivated  by  the  natives  for  the  pre- 
paration of  Kaffir  beer,  March  6,  1904,  Davy  1724. 

Phalaria  canaricjisisj  Linn.,  Sp.  PI.  54  (1753)  Canary- 
grass.  Native  of  warm  and  temperate  Europe,  N.  Africa,  and 
W.  Asia;  introduced  in  N.  America;  an  escape  in  fields  and 
waste  places  in  Britain,  Hool'.  f.  Pretoria,  alt.  4,400  ft.,  acci- 
dentally introduced  with  grass  and  other  forage  plant  seeds, 
brought  by  the  writer,  from  California,  in  May,  1903;  Skinner's 
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Court,  Nov.,  1903,  Davy  792,    Scarcely  likely  to  become  natur- 
alised in  the  Transvaal. 

Phalaris  minor,  lletz.  Obs.  3  :  8.  Small  canary-grass. 
Native  of  the  eastern  Mediterranean  region,  Greece,  the  Orient, 
etc.;  introduced  in  many  other  parts  of  the  world;  naturalised 
in  the  coast  region  of  S.  Africa,  and  in  Tembuland,  4,000  ft.  alt., 
Stapf,  Pretoria,  alt.  4,400  ft.,  accidentally  introduced  with 
grass  and  other  forage  plant  seeds,  brought  by  the  writer, 
from  California,  in  May,  1903,  Skinner's  Court,  Nov.,  1903. 

Phlcuvi  pratcnscy  Linn.,  Sp.  PI.  59  (1753).  Timothy. 
Timothy-grass.  Native  of  Europe,  N.  Africa,  Siberia  and  W. 
Asia;  ascends  to  1,400  ft.  in  the  north  of  England,  Hook,  /. ; 
cultivated  as  a  hay  crop  in  most  humid  temperate  regions,  and 
often  found  as  an  escape.  In  the  Transvaal  I  have  only  found 
it  spontaneous  once: — Near  Nylstroom,  a  farm  escape,  Nov., 
1903. 

Poa  annua,  Linn.,  Sp.  PI.  68  (1753).  Walk-grass.  Native 
of  north  temperate  Europe  (Arctic),  Asia  and  N.  Africa;  ascends 
to  3.200  ft.  in  the  Highlands  of  Scotland;  doubtfully  indigenous 
in  N.  America,  HooJc,  f.  A  common  weed  of  garden  walks  in 
England,  California,  etc.  In  the  Transvaal  it  is  adventive,  but 
does  not  appear  to  colonise  readily :  — Lydenburg,  in  moist, 
shady  places  by  the  water-furrow  on  the  main  street,  June  15, 
1903,  Davy  401  \  Potchefstroom,  alt.  4,500  ft.,  on  garden  paths 
and  along  water-furrows,  occasional,  Dec.  27,  1903,  Davy  1034; 
Belfast,  alt.  6,446  ft.,  at  foot  of  water  tank  at  the  railway 
station,  Feb.  7,  1904,  Davy  1390;  Pretoria,  alt.  4,400  ft.,  foot  of 
a  damp,  shaded  wall,  March  16,  1904,  Davy  1750;  Johannes- 
burg, shady  garden  walk  near  Bissik  Street,  April,  1904. 

RotthoelUa  compressa  fasciculata.  Hack.  Androp.  in  DC. 
Monogr.  Phan.  6  :  286.  Found  throughout  the  warm  countries 
of  both  hemispheres,  in  many  localities,  evidently  introduced ; 
the  species  occurs  throughout  India  and  south-west  China, 
Stapf.  In  S.  Africa  only  the  variety  is  known  to  occur;  it  has 
been  collected  in  Cape  Colony,  Natal  and  the  Transvaal,  and 
may  bo  indigenous  here  :  -Pretoria,  alt.  4,400  ft.,  common  in 
marshy  ground  at  Skinner's  Court,  Dec.  1903;  Belfast,  alt. 
6,400  ft.,  c()mm<m  on  the  borders  of  pans  containing  stagnant 
water,  Feb.  5,  1904,  Davy  1279;  Standerton,  common  on  the 
borders  of  stagnant  vleis,  March,  1904. 

Setaria  vcrtirrllata,  Beauv.,  Agrost.  51.  Bristly  FOXTAIL, 
Klits-gras.  Probably  native  of  Europe;  but  now  widely  distri- 
buted throughout  the  tropical  and  warmer  temperate  regions  of 
the  world,  as  a  weed  in  cultivated  ground;  naturalised  in  the 
Eastern  Tnited  States,  etc.  Near  Lydenburg,  Atherstone, 
Wilms  1670;  Zoutspansberg,  Xrlson  10:  Pretoria,  alt.  4,400  ft., 
a  weed  in  yards  and  cultivated  ground,  Jan.  16,  1904,  Davy 
1040;  Hartebeeste-nek,  an  orchard  weed,  Nov.  14,  1903,  Davy 
757:  Warm  Baths,  alt.  3,500  ft.,  a  roadside  weed,  Nov.,  1903; 
Belfast,  a  garden  weed,  farm  Rieivlei,  alt.  6,000  ft.,  Feb.  5. 
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1904,  Davy  1257 \  Klerksdorp,  an  orcliard  weed  at  farm  Jak- 
halsfontein,  Feb.,  1904.  Our  plant  does  not  appear  to  be  iden- 
tical with  the  European  form,  and  is  possibly  the  one  referred 
to  by  some  authors  under  the  specific  name  Aparine,  which  may 
be  indigenous  to  tropical  Africa. 

Tragus  racernosus,  Scop.  Introd.  73 ;  All.  Fl.  Pedem.  2  : 
241.  Careot-seed  grass,  Prickle-grass.  Native  of  the  Medi- 
terranean region;  also  found  in  Afghanistan;  now  a  common 
weed  in  most  warm  countries  of  both  hemispheres,  and  widely 
-distributed  in  S.  Africa,  being  found  in  the  Coast,  Central  and 
Kalahari  regions  of  Cape  Colony,  in  Natal  and  at  Delagoa  Bay. 
In  the  Transvaal  it  is  a  common  weed  in  vacant  erven  in  towns, 
along  roadsides  and  near  farmsteads;  Barberton,  a  weed  along 
the  railway  track  at  Avoca  Station,  June  8,  1903,  Davy  241  \ 
Schweizer  Reneke,  occasional  by  roadsides,  Homan's  Vlei,  Feb. 
17,  1904,  Davy  1668.  The  hooked  prickles  on  the  glumes 
enable  the  fruits  to  adhere  readily  to  the  hair  and  wool  of 
-animals  and  the  clothing  of  man,  thus  aiding  their  dissemina- 
tion.   They  may  prove  somewhat  injurious  to  wool  and  mohair. 

Tricholcena  rosea,  Nees,  Cat.  Sem.  Hort.  Vratisl.,  1835  and 
in  Linnsea  11 :  Lit.  Ber.  129  in  part;  Fl.  Afr.  Austr.  1 :  17  in 
part.  Natal  red-top  grass,  um-Kuana.  Native  of  Tropical 
Africa,  Madagascar  and  southern  Arabia;  common  almost 
throughout  South  Africa.  Barberton,  common  along  road- 
sides and  in  old  maize  fields  (**  mealie-patches  ")  or  other  culti- 
vated grounds,  June  9, 190^,  Davy  268.  Probably  indigenous  in 
the  Low-country  of  the  Transvaal,  but  apparently  an  alien  on 
the  High  Veldt,  where  it  seems  to  be  most  abundant  along  old 
trek  roads. 

Family  Labiat2e  :   Mint  Family. 

Leucas  viartinicensis  (Swartz)  R.Br.  Prodr.  504.  Probably 
of  Asiatic  origin,  but  now  a  common  tropical  plant;  occurs  in 
Senegal  and  Guinea,  Hook ;  Angola,  plentiful  in  neglected  fields 
near  LopoUo,  Welwitsch;  naturalised  in  Natal,  Harvey,  from 
1,000  to  2,000  ft.  alt.,  /.  M.  Wood.  Evidently  an  alien  in  the 
Transvaal : —Waterval  Boven,  alt.  4,826  ft.,  Feb.  4,  1904,  a 
•common  weed  in  the  village,  Davy  1454 ;  Belfast,  a  single  speci- 
men at  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  1904;  Schweizer 
Reneke,  a  few  plants  on  farm  Biessieslaagte,  Feb.  18,  1904, 
Davy  1688. 

Mentha  aquatica,  Linn.,  Sp.  PI.  576  (1753).  Water-mint. 
Native  of  Europe,  Asia  and  N.  Africa.  Found  in  Natal  from 
sea-level  up  to  2,000  ft.  alt.,  /.  M.  Wood.  Occasional  in  the 
Transvaal: — Pretoria,  along  the  Aapjies  River,  alt.  4,400  ft., 
Jan.  28,  1904,  Davy  1077. 

Salvia  obtusata,  Thunb.  Prodr.  PI.  Cap.  97.  Native  of  S. 
Africa,  but  apparently  an  alien  in  the  Transvaal,  where  it 
occurs  as  a  roadside  weed  in  villages: — Pretoria,  alt.  4,400  ft., 
Nov.   12,  1893,     ScMechter  3691  in  Herb.  Natal;      Fourteen 
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Streams,  a  common  ballast  weed  on  the  railway,  Feb.  14,  1904,. 
Davy  1556, 

Salvia  sp.  A  white-flowered  species  which  I  have  not  yet 
been  able  to  identify,  is  a  common  weed  around  towns  jind 
villages  and  at  outspan  places  and  farmsteads,  having  all  the 
appearance  of  an  alien.  It  is  particularly  abundant  near  Bloem- 
hof  and  Christiana,  where  it  is  a  characteristic  weed,  covering" 
large  areas  of  town  commonage. 

Family  Leguminos.«:  Pea  and  Bean  Family. 

Acacia  decurrens,  Willd.,  Sp.  PI.  4  :  1072.  Black 
WATTLE.  Native  of  New  South  Wales;  extensively  cultivated 
in  Natal  for  tan-bark,  and  grown  experimentally  in  many  placea 
on  the  High  Veld  of  the  Transvaal :  — Lydenburg,  spontaneous, 
on  Sterk-hill,  by  the  roadside  above  the  block-houses,  some 
miles  from  town,  June,  1903;  Florida,  alt.  cir.  5,700  ft.,  spon- 
taneous along  the  railway  and  near  plantations,  March  25, 
1904.^ 

Ca'salpinia  sepiaria,  Roxb.  Hort.  Beng.  32;  Fl.  Ind.  2  l 
360.  Mauritius  thohn,  Mysore  Thorn,  Cassie,  Sappan  liane. 
Native  of  S.E.  Asia  east  to  Japan;  Burmah,  China  and  India; 
ascends  to  4,000  ft.  CoUett.  Frequently  cultivated  as  a  hedge 
plant  in  tropical  and  sub-tropical  countries :  — Barberton,. 
planted  for  hedges  and  now  naturalised,  June  9,  1903,  Davy 
279.  It  furnishes  a  red  dye-wood;  can  advantageously  be 
phmted  along  with  Pterolohiuin  laccrans,  B.Br.,  for  hedges,. 
Mueller. 

Ery till  ilia  eaffra,  Thunb.  Prodr.  PI.  Cap.  121.  Cape 
KAFFIR -BOOM.  Native  of  Cape  Colony  and  Natal,  from  sea-level 
to  4,000  ft.  alt.',  J.  M.  Wood.  Cultivated  in  Pretoria  as  an  orna- 
mental tree,  and  two  specimens  are  naturalised  on  Meintjes  Kop,. 
Arcadia,  above  the  Ziervogel  quarry,  near  the  site  of  an  old 
kraal,  Aug.  2,  1903,  Davy  615,  1777. 

Medicago  denticvlata,  Willd.  Sp.  PI.  3  :  1414. 
Native  of  Middle  and  Southern  Europe,  N.  Africa, 
N.  Asia  and  India;  naturalised  in  N.  America,  Hooh. 
/.,  one  of  the  commonest  alien  weeds  in  California. 
In  1862  it  was  already  found  in  sandy  places  near  Cape  Town, 
Hottentots  Holland  and  Paarl,  Flora  Capensis;  in  Natal 
it  is  found  from  3,000  to  4,000  ft.  alt.,  /.  M.  Wood.  Only  occa- 
sional in  the  Transvaal,  where  it  does  not  appear  to  take  kindly 
to  the  climate  :  — Lydenburg,  a  single  specimen  on  the  footpath 
in  front  of  the  Club,  June  16,  1903,  Davy  420;  Middelburg,  a 
single  specimen  on  the  site  of  an  old  camp  near  the  Cemetery, 
June,  1903;  Pretoria,  alt.  4,400  ft.,  a  single  specimen  at  Skin- 
ner's Court,  Nov.  1903;  Potchefstroom,  alt.  4,500  ft.,  occasional 
near  the  Repatriation  Camp,  Dec.  27,  1903,  Davy  1770;  Water- 
val  Boven,  alt.  4,826  ft.,  a  single  specimen  by  the  roadside  in 
the  village,  Feb.  4,  1904,  Davy  1455.  The  seeds  contain  oil,  and 
the  dry,  ripe  burrs  give  valuable  autumn  and  winter  feed  for 
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cattle,  being  higbW  nutritious  and  fattening;   they  are  very 
injurious  to  wool,  however. 

Medicago  sativa,  Linn.,  Sp.  PI.  778  (1753).  Lucerne, 
Alfalfa,  Purple  medic.  Native  of  the  Eastern  Mediterranean 
region;  naturalised  elsewhere,  Hooh.  /.;  now  cultivated  in 
most  arid  warm-temperate  countries,  where  it  is  often  the  prin- 
cipal forage  crop;  frequently  found  as  a  farm  escape  : — Stander- 
ton,  a  casual  escape  in  the  garden  of  Beginsel,  March  30,  1904, 
Davy  1803, 

Trifoliuvn  hybriduvi,  Linn.,  Sp.  PI.  766  (1753).  Alsike 
CLOVEH.  Native  of  the  Mediterranean  region;  a  valuable 
iorage-plant,  frequently  cultivated  in  warm -temperate  coun- 
tries, and  occasionally  found  as  a  farm  escape :  — Pretoria,  alt. 
4,400  ft.,  an  escape  at  Daspooi-t,  a  single  specimen,  Jan.  28, 
1904,  Dary  1178;  Potchefstroom,  alt.  4,500  ft.,  a  few  stray  speci- 
mens along  the  irrigation  furrow,  Jan.,  1904. 

Tri folium  pratense  pcrc/uiCy  Agric,  Percival,  Agric.  Bot. 
404  (1900).  Cow-CLOVER,  Cow-grass,  Perennial  red-clover. 
Native  of  Europe  (Arctic),  N.  and  W.  Asia ;  ascends  to  1,300  ft. 
in  the  Scotch  Highlands;  introduced  in  N.  America,  Hooh.  f, 
A  valuable  forage  plant,  more  extensively  cultivated,  in  humid 
temperate  climates,  than  any  other  clover;  occasional  as  a  farm- 
escape  :  Standerton,  alt.  5,000  ft.,  a  solitary  plant  naturalised 
on  the  bank  of  the  spruit,  on  rich  black  loam,  Jan.  5,  1904, 
Davy  892;  Belfast,  alt.  6,446  ft.,  a  single  specimen  on  railway 
ballast,  with  CapscUa,  Spergiiln,  Poa  annua,  etc.,  Feb.  7,  1904, 
Davy  1393. 

Vicia  sativa,  Linn.,  Sp.  PI.  736  (1753).  Common  vetch. 
Tares.  Native  of  the  Mediterranean  region;  cultivated  in 
Europe,  Asia,  and  America  for  forage;  naturalised  in  the 
Northern  United  States  and  South  Africa.  Found  in  Natal,  as 
an  alien,  between  2,000  and  3,000  ft.  alt.,  J.  M.  Wood.  It 
appears  to  take  readily  to  the  climate  of  the  Transvaal :  Pot- 
chefstroom, alt.  cir.  4,500  ft.,  freelv  naturalised  at  Haaskraal, 
Oct.  10,  1903,  Davy  1766;  near  Nylstroom,  Nov.  1903,  a  farm 
escape. 

Family  MALVArE.ii :   Mallow  Family. 

Gossypium  herbaceuni,  Linn.,  Sp.  PI.  693  (1753).  Common 
COTTOX,  Wikl  cotton,  Upland  cotton,  Cotonier.  Native  of 
Tropical  Asia;  the  wild  form  exists  in  Scinde  and  Cabul, 
Oliver;  cultivated  in  almost  every  district  of  Tropical  Africa, 
Oliver;  grown  for  cotton  in  various  parts  of  India,  Japan,  the 
United  States,  Southern  Europe,  etc.  Not  uncommon  in  the 
Low  country  of  the  Transvaal: — Komatiepoort,  occasional  in 
the  bush  near  the  village,  June  12,  1903,  Davy  350;  near  Bar- 
berton,  alt.  500  ft.,  Jan.  1904,  Legyc  39  in  Herb.  Natal;  speci- 
mens have  also  been  leceived  from  Leydsdorp  and  other  places 
in  the  Zoutpansberg  District. 

Hibiscus  trionum  hispidus,  DC,  Prodr.     1   :  453.    Black- 


274  Keport— 1904. 

EYED  SUSAN.  Original  home  uncertain,  now  a  common  weed 
of  most  tropical  and  sub-tropical  countries,  often  cultivated  in 
gardens  as  an  ornamental  annual.  In  Natal  it  is  found  from 
sea-level  up  to  3,000  ft.  alt.,  /.  M,  Wood.  A  common  weed  of 
cultivated  lands  in  the  Transvaal: — Pretoria,  alt.  4,400  ft.,  a 
common  garden  weed,  Dec.  13,  1903,  Davy  798;  Belfast,  a 
garden  weed  at  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy 
1266. 

Malva  parviflora,  Linn.,  Diss.  Dem.  PI.  Nov. ;  Amoen.  Acad. 
3  :  416.  Small-flowered  mallow.  Native  of  the  Mediter- 
ranean region;  introduced  with  ballast  into  England,  Hook.  /.; 
abundantly  naturalised  in  California;  in  1860  reported  as  an 
introduced  weed  on  roadsides  and  in  waste  places  in  Cape 
Colony.  Only  occasional  in  the  Transvaal :  — Lydenburg,  an 
occasional  garden  weed,  June  15,  1903,  Davy  397;  Potchef- 
stroom,  alt.  4,500  ft.,  a  roadside  weed,  Dec.  27,  1903,  Davy  853, 
1036;  131oemhof,  alt.  cir.  4,100  ft.,  a  common  weed  on  vacant 
erven,  Feb.  11,  1904,  Davy  1511;  Fourteen  Streams,  a  garden 
weed,  Feb.  14,  1904,  Davy  1602. 

Sida  rhotnbifolia,  Linn.,  Sp.  PL  684  (1753).  Sida,  Pre- 
toria weed,  Pretoria  bosjie.  Native  land  uncertain;  now  a 
common  weed  of  agriculture  throughout  the  tropics  and 
warmer  temperate  zones  of  both  hemispheres;  reported  from 
the  Eastern  Districts  of  Cape  Colony  and  from  Port  Natal  as 
early  as  1860;  occurring  in  Natal  below  2,000  ft.  alt.,  /.  M. 
Wood.  Abundant  in  almost  all  the  towns  and  villages  of  the 
Transvaal  from  Zeerust  to  Barberton  and  Komatie-poort ;  one 
of  the  most  prominent  and  unsightly  weeds  in  the  borders  of 
cultivated  gardens  and  on  vacant  erven  :  — Lydenburg,  a  weed 
on  vacant  erven,  but  not  as  plentiful  as  in  Pretoria,  June  16, 
1903,  Davy  418;  Pretoria,  Zeerust,  Rustenburg,  Barberton, 
Komatie-poort,  etc. 

Family  Mell\ce.¥,  :   Seringa  Family. 

Melia  azedarach,  Linn.,  Sp.  PI.  384  (1753).  Bead-tree, 
Cape  lilac,  Indian  lilac.  Pride  of  India,  Pride  of  China,  China 
berry-tree,  Chinese  wax-berry,  Tame  seringa,  Holy  tree,  Arbre 
a  chapelet,  Lilas  de  Tlnde.  Native  of  the  Himalaya  region  of 
northern  India,  and  Persia;  now  cultivated  in  almost  all  warm 
countries  for  ornament,  shade,  and  for  the  sake  of  its  wood; 
frequently  escaped  from  cultivation  in  warm  countries.  Natal, 
naturalised  as  an  escape  below  2,000  ft.  alt.,  and  become  a 
nuisance  in  several  places,  J.  M .  Wood.  Widely  grown  in  the 
Transvaal  as  a  shade  tree,  and  occasionally  met  with  as  an 
escape: — Pretoria,  semi-spontaneous  as  an  escape  at  Daspoort, 
Dec.  1903.     The  berries  are  supposed  to  be  poisonous. 

Family  Morace.e  :    Mulberry  Family. 

Cannabis  indira,  Lam.  Encyc.  1  :  695.  Dagga,  Insangu, 
Indian  hemp.  Native  of  the  N.W.  Himalaya  and  Central 
Asia;    extensively    cultivated    in    India.       Introduced   into    S. 
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Africa,  and  now  widely  distributed  as  a  garden  weed ;  cultivated 
sparingly  by  the  natives  under  the  name  of  Insangu  for  the 
sake  of  its  leaves  (bhang)  and  pistillate  flowers,  which  are 
smoked  by  them;  carefully  preserved  by  the  Kaffirs  wherever 
found;  it  occurs  as  an  escape  in  almost  every  town  and  village 
in  the  Transvaal,  and  in  farm  gardens  :  — Lichtenburg,  a  garden 
weed.  May  18,  1903,  Davy  56;  Barberton,  June,  1903 ;  Potchef- 
stroom,  a  common  escape  on  vacant  erven,  March  26,  1904; 
Standerton,  a  casual  in  the  old  garden  on  farm  Beginsel,  March 
29,  1904,  Davy  1806, 

Family  Myrtace.e  :   Eucalyptus  Family. 

Eucalyptus  globulus,  Labill.,  Voy.  1  :  153,  t.  13;  Nov. 
HoU.  PI.  2  :  121.  Blue-gum.  Native  of  Victoria  and  Tas- 
mania; extensively  cultivated  in  the  Mediterranean  region, 
California,  and  S.  Africa  as  a  windbreak,  to  drain  unhealthy 
low-lands,  for  fuel,  and  for  its  leaves,  from  which  Eucalyptus 
oil  and  Eucalyptol  are  distilled.  Now  semi-spontaneous  in  the 
Transvaal  from  self-sown  seeds  on  the  borders  of  plantations, 
etc. : — Langlaagte,  spontaneous  in  and  near  plantations,  March 
25,  1904. 

Family  Nyctagixace.!;:  :    Four  o'clock  Family. 

Mirabilis  jalapa,  Linn.,  Sp.  PI.  177  (1753).  Four  o'clock. 
Marvel  of  Peru,  Belle  de  nuit.  Native  of  Tropical  America. 
Frequently  cultivated  in  flower-gardens  and  often  occurring  as 
a  garden  escape: — Belfast,  a  garden  escape  at  farm  Eietvlei, 
alt.  6,000  ft.,  Feb.  5,  1904,  Davy  1252. 

Family  Onagrace.e  :  Evening-primrose  Family. 

(Enothera  biennis  grandifloray  Lindl.  Evening-primhose. 
Native  of  N.  America;  less  common  in  the  Eastern  United 
States  than  the  species,  Gray,  Frequently  cultivated  in  gar- 
dens as  an  ornamental,  and  often  found  as  a  garden  escape; 
occasional  in  the  Transvaal : — Belfast,  a  garden  escape  at  farm 
Eietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy  1248:  Belfast,  alt. 
6,400  ft.,  a  solitary  specimen  on  the  roadside  towards  the  Din- 
gaan  monument,  Feb.  6,  1904,  Davy  1325,  a  form  with  entire 
and  very  rigid  leaves. 

Xylopleuruvi  roseum  (Ait.)  Raim.  Native  of  the  south- 
western United  States  (and  Mexico?),  Texas,  and  New  Mexico 
southward.  Offered  by  seedsmen,  and  often  cultivated  in 
gardens;  frequently  found  as  an  escape.  An  alien  in  Natal 
from  2,000  to  3,000  ft.  alt.,  /.  M.  Wood.  Potchefstroom,  4,500 
ft.  alt.,  not  uncommon  as  a  roadside  weed,  Dec.  27,  1904,  Davy 
1038. 

Xylopleuruvi  ietrapierum  (Cav.)  Raim.  Native  of  the 
south-western  United  States  (and  Mexico?),  Texas  and  south- 
ward. Often  cultivated  in  gardens  as  an  ornamental ;  the  flowers 
Dpen  in  the  evening  and  are  fragrant,  pure  white,  changing  to 
pink  in  drying.    Pretoria,  alt.  4,400  ft.,  a  roadside  weed  near  the 
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Park,  Dec.  20,  190:5,  Davy  1776,  1778;  Potchefstroom,  alt. 
4,500  ft.,  a  common  roadside  weed  near  the  Park,  Dec.  27,  1904,. 
Davy  857, 

Family  Oxalidace.e  ;  Sorrel  Family. 

O.ralis  coniiculata,  Linn.,  Sp.  PI.  435  (1753).  Yellow 
SORKEL.  Original  home  probably  S.  Europe ;  now  **  ubiquitous 
except  in  very  cohl  regicms,"  Hook.  f.  In  1862  it  was  recorded 
as  occurring  **  everywhere  in  cultivated  ground  throughout 
Cape  Colony  and  in  Kaftraria,"  F/or.  C'a/^  Natal,  below  2,000  ft. 
alt.,  J.  M .  Wood.  A  commcm  town  weed  in  the  Transvaal,  in 
gardens  and  by  roadsides: — Pretoria,  4,400  ft.  alt.,  a  common 
weed  b}-  roadsides  and  in  gardens,  on  lawns,  beside  walks,  in 
flower-beds,  March  20,  1904,  Davy  1779.  My  specimens  appear 
to  connect  with  O.  sfiicta,  L. ;  they  produce  runners,  but  the 
plant  is  pubescent  and  the  capsules  are  down3^ 

OxaJis  sp.  A  species  with  rosy  flowers  is  a  common  weed 
in  cultivated  ground  in  several  parts  of  the  Transvaal : — Lyden- 
burg,  a  common  weed  in  low  cultivated  ground  near  the  spruit* 
June  16,  1903,  Davy  419. 

Family  Papavekace.e  :  Poppy  Family. 

Avginnonc  nicxicana  ochroleuca,  Lindl.  Mexican  poppy. 
Texas  poppy,  Chard(m  du  pays;  in  S.  Africa  sometimes  mis- 
called "Scotch  thistle";  it  is  not  a  thistle,  and  the  true  Scotch 
thistle  is  a  very  dill'erent  plant.  Native  of  Tropical  America; 
naturalised  in  the  United  States  and  South  Africa.  A  trouble- 
some weed  in  Cape  Colony,  where  it  has  been  proclaimed  a 
noxious  weed  under  the  Burweed  Act.  Adventive  in  the 
Transvaal :- -Pretoria,  a  roadside  weed  near  the  Daspoort  oil- 
mills,  and  near  the  cemetery,  Jan.  28,  1904,  Davy  1073,  1176; 
IHoemhof,  alt.  4,100  ft.,  a  common  weed,  Feb.  12,  1904,  Davy^ 
1606:  Karree-pan,  between  liloemhof  and  Christiana,  occa- 
sional, Feb.  12,  1904,  Davy  1601;  Christiana,  Feb.  16,  1904; 
Fourteen  Streams,  a  common  weed,  Feb.  14,  1904,  Davy  1649. 
Th(»  typical  form,  witli  bright  yellow  flowers,  occurs  in  Natal 
along  the  coast  at  Durban. 

Family  Pkdaliace.k  :    Sesamum  Family. 

Sc^ofiium  indicuiny  Linn.,  Sp.  PI.  634  (1753).  Sesame,. 
Thunderbolt  flower,  Gingili.  Originally  from  the  Sunda 
Islands,  .4.  dc  ('andollc,  now  found  throughout  southern  Asia» 
eastward  to  Japan ;  Schweinfurth  considered  that  it  might  also 
be  indigenous  to  Central  Africa.  Extensively  cultivated  in 
India,  Siam.  >hipan,  Turkey-,  German  East  Africa,  etc.,  for  the 
sake  of  the  seeds,  from  which  a  valuable  non-drying  oil  is  ex- 
pressed, which  is  the  oil  of  India,  and  which  is  used  as  a  sub- 
stitute for  ( )live  oil  and  for  soap-making;  the  soot  obtained  from 
burning  the  oil  is  said  to  be  used  in  the  preparation  of  some 
kinds  of  Chinese  ink.  It  occurs  as  an  alien  in  Natal,  from  sea- 
level  to  1,000  ft.  alt.,  J.  M.  Wood.     Barberton,  a  weed  in  Tur- 
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Ion's  orchard,  eight  miles  west  of  town,  June  9,  1903,  Davy 
250 :  Sheba  road,  April  1904,  Thomcroft  577,  in  Herb.  Natal. 

Family  Plantaginace.e  :    Lamb's-tongue   Family. 

Plantago  lanceolata,  Linn.,  Sp.  PI.  113  (1753).  Lamb's- 
tongue,  Ribwort.  Native  of  Europe,  N.  Africa,  N.  and  W. 
Asia,  and  the  Himalaya;  an  alien  in  N.  America  and  S.  Africa; 
ascends  to  2,200  ft.  in  the  Scotch  Highlands,  Hook.  f.  Found 
in  Natal  from  3,000  to  4,000  ft.  alt.,  /.  J/.  Wood.  The  leaves 
are  said  to  be  used  in  Scotland  for  dressing  sores.  Adventive 
in  the  Transvaal,  and  apparently  taking  kindly  to  the 
t'limate : — Pretoria,  alt.  4,400  ft.,  a  common  roadside  weed, 
Nov.  29,  1903,  Davy  821;  Potchefstroom,  alt.  4,500  ft.,  a  com- 
mon roadside  weed,  Dec.  27,  1903,  Davy  1768:  Warm  Baths, 
alt.  3,500  ft.,  a  farm  weed,  March  7,  1904,  Davy  1710. 

Plantago  major,  Linn.,  Sp.  PI.  112  (1753).  Wild  plan- 
tain. Native  of  Europe,  N.  Africa,  N.  and  W.  Asia,  and  the 
Himalaya;  an  alien  in  N.  America  and  S.  Africa:  ascends  to 
2,000  ft.  in  Northumberland,  Hook.  f.  Seeds  used  for  feeding 
<?age-birds.  Reported  from  Natal,  /.  J/.  Wood.  An  adven- 
tive roadside  weed  in  the  Transvaal,  in  moist,  shady  places:  — 
Potchefstroom,  alt.  4,500  ft.,  a  roadside  and  garden  weed,  along 
water-furrows,  Dec.  28,  1903,  Davy  1183:  Haaskraal,  a  garden 
weed,  Jan.,  1904,  Davy  1217;  Christiana,  alt.  4,100  ft.,  Feb.  16, 
1904,  Davy  1621. 

Family  Polygonace.e  :  Dock  Family. 

Fitly gonum  ainphibinm,  Linn.,  Sp.  PI.  361  (1753).  Water 
persic'ARL\.  Native  of  the  North -temperate  zone.  Standerton, 
common  in  stagnant  water  of  vleis  on  farm  Beginsel,  alt.  5,300 
ft..  May  31,  1904,  Davy  1808. 

Polygonum  avicnlare  erectum  (Linn.)  Koth.  T'tkight 
knot-weed.  Upright  wire-weed.  Upright  yard-weed.  Native 
of  Europe;  an  alien  in  N.  America  and  Africa.  Adventive  in 
the  Transvaal: — Potchefstroom,  alt.  4,500  ft.,  a  ccmimon  weed 
at  Haaskraal,  Dec.  27,  1903,  Davy  1771:  Standerton,  alt.  5,000 
ft.,  a  common  street  weed,  Jan.  5,  1904,  Davy  904:  Belfast,  a 
garden  weed  at  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy 
1256.  Differs  from  typical  P.  aviculare,  Linn,  in  its  more 
erect  habit,  yellowish  colour,  larger  flowers,  and  5  or  6  instead 
^f  8  stamens;  the  leaves  are  usually  larger  and  more  obtuse. 

Polygonum  convolvulu.^,  Linn.,  Sp.  PI.  364  (1753).  Black 
BINDWEED,  Climbing  buckwheat,  Bearbine.  Native  of  the 
North-temperate  and  Arctic  regions;  an  alien  in  America, 
Hook,  f.;  adventive  in  the  Transvaal: — Potchefstroom,  alt. 
4,500  ft.,  a  solitary  specimen  among  oat  stubble,  Tan.  24,  1904, 
Davy  1213,  a  few  specimens  in  the  Experiment  plots,  March 
24,  1904;  Standerton,  a  few  specimens  in  a  maize-patch,  farm 
Beginsel,  March  29,  1904,  Davy  1785. 

.  Polygonum   lapathi folium   maculatiim    (Krock)     TTook.    i. 
"Spotted    knotweed.      Native  of  Europe.      Pretoria,  4,400  ft., 
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common  along  the  Aapies  Kiver,  by  pools,  furrows,  and  slowly 
moving  water,  Jan.  4,  1904,  Davy  835;  Standerton,  alt.  5,000 
ft.,  common  beside  vleis,  Jan.  5,  1904,  Davy  905;  Christiana, 
alt.  eir.  4,100  ft.,  common  along*  ditches,  Feb.  15,  1904,  Davy 
1617, 

Rumex  acetoscUa,  Linn.,  Sp.  PI.  538  (1753).  Sour  dock. 
Sorrel,  Sheep's  sorrel.  Native  of  the  North-temperate  and 
Arctic  zones  of  Europe  and  Asia ;  an  alien  in  N.  America  and 
the  Southern  hemisphere;  ascends  to  2,500  ft.  in  Yorkshire, 
Hooh,  f,  Adventive  in  the  Transvaal  and  spreading  both  in 
cultivated  ground  and  on  the  open  veldt: — Pretoria,  alt.  4,400 
ft.,  a  few  plants  in  a  plot  of  Australian  Saltbush,  at  Skinner's 
Court,  Feb.  1,  1904,  Davy  1190;  Pretoria,  spreading  in  town, 
March  26,  1904;  Belfast,  alt.  6,400  ft.,  well  established  in  waste 
places  in  the  village,  also  a  few  plants  beside  the  water-tank  at 
the  railway  station,  and  a  large  patch  between  the  station  and 
the  village,  not  far  from  the  Repatriation  Camp  site,  where  it 
appears  to  be  crowding  out  the  native  grasses,  Feb.  5,  1904, 
Davy  1373,  1465;  Potchefstroom,  alt.  4,500  ft.,  a  few  specimens 
in  an  oat-stubble  field,  Feb.  21,  1904;  Standerton,  alt.  cir.  5^300 
ft.,  naturalised  in  an  old  garden  on  farm  Beginsel,  March  29, 
1904,  Davy  1797.  A  pernicious  weed  of  garden,  farm,  and  veld 
if  well  established ;  spreading  both  by  seed  and  by  underground 
running  stems. 

liumtw  crispusj  Linn.,  Sp.  PI.  335  (1753).  Curly  dock. 
Native  of  Europe,  an  alien  in  N.  America  and  S.  Africa.  Ad- 
ventive in  the  Transvaal: — Pretoria,  alt.  4,400  ft.,  naturalised 
in  low  ground  alcmg  the  Aapies  River,  Jan.  3,  1904,  Davy  833. 
Our  plant  appears  to  be  the  variety  trigranulat^,  Syme. 

Kumvx  cchlonianus,  Meisn.,  in  Linnaea  14:  493  (1840). 
EcKLOx's  DOCK.  A  native  of  Cape  Colony.  Common  along 
roads  and  spruits  in  towns  and  villages  of  the  Transvaal,  where 
it  may  be  indigenous  though  it  has  the  aspect  of  an  alien:  — 
Standerton,  alt.  5,000  ft.,  common  along  the  vlei  and  on  town 
streets,  Jan.  5,  1904,  Davy  903;  Bloemhof,  occasional,  but  not 
common,  bv  roadsides  near  Rietfontein,  Feb.  11,  1904,  Davy 
1526. 

Family  Portulacacej«:  :   Purslane  Family. 

Portulaca  oleracea,  Linn.,  Sp.  PI.  445  (1763).  Common 
PURSLANE.  Native  of  S.  Europe,  now  widely  distributed 
through  the  warmer  regions  of  the  globe ;  an  alien  in  the  United 
States  and  S.  Africa.  Reported  as  occurring  in  cultivated  and 
waste  ground  at  the  Cape  as  earlj-  as  1865.  In  Natal  it  is  found 
below  2,000  ft.  alt.,  /.  .V.  Wood.  A  common  and  widely  distri- 
buted weed  of  cultivated  land  in  the  Transvaal,  and  evidently 
here  to  stay:  often  injuriously  affected  by  a  fungus  disease:  — 
Pretoria,  a  common  garden  and  orchard  weed,  Hartebeeste-nek, 
Nov.  14,  1903.  Davy  761;  Pretoria,  alt.  4,400  ft.,  a  common 
weed  in  town  gardens,  Dec.  13,  1903;  Ermelo,  in  the  shade  of 
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fruit  trees,  badly  diseased,  Jan.  8,  1904,  Davy  972;  Haa- 
man's  Kraal  Railway  Station,  alt.  3,380  ft.,  a  ballast  weed,  Jan. 
30,  1904,  Davy  1101;  Schweizer  Ileneke,  an  occasional  farm- 
yard weed,  Vierfontein,  Feb.  17,  1904,  Davy  1632,  It  is  good 
for  salad,  and  is  also  used  as  a  pot-herb,  HooJc.  f. 

Family  Piiimulace.e  :  Pimpernel  Family. 

Anagallis  cwruleOy  Lam.,  Fl.  Fr.  ed.  1,  2  :  285.  Blue 
PIMPERNEL.  Native  of  southern  Europe.  A  casual,  not  yet 
established  in  the  Transvaal :  — Pretoria,  a  few  plants  at  Skin- 
ner's Court,  Oct.,  1903,  perhaps  introduced  with  seeds  of  forage 
plants  from  California.  The  common  red  pimpernel,  Anagallis 
arvensis  has  not  yet  been  reported,  but  is  almost  sure  to  appear 
sooner  or  later. 

Family  Rosacejj:  :    Rose  Family. 

Prunus  persica,  Stokes,  Bot.  Mat.  Med.  3  :  100.  Peach, 
Perske.  Native  of  China,  not  really  indigenous  to  Persia,  De 
Candolle;  cultivated  in  almost  all  warm-temperate  countries. 
Grown  by  almost  every  farmer  in  the  Transvaal,  readily  grow- 
ing from  self-sown  seed  and  not  infrequently  found  as  a  spon- 
taneous escape  from  cultivation  :  — Pretoria,  an  escape  at  the 
Fountains,  Oct.,  1903,  Davy  1776. 

Ruhus  rosa^folius,  Smith,  PI.  Ic.  Ined.  3  :  t.  60.  Sthaw- 
BERRY-RASPBERRY ;  locally  kuown  as  the  New  Zealand  raspberry. 
Native  of  the  Himalaya  region  and  eastward  to  China  and 
Japan;  naturalised  in  Australia  and  other  sub-tropical  and 
tropical  countries.  Frequently  cultivated  as  an  ornamental 
plant;  the  fruits,  though  edible,  are  insipid.  Ecklon  and 
Zeyher  collected  it  on  the  "  sides  of  Table  Mountain,  facing 
the  town,"  Fl.  Cap.  Occasionally  cultivated  in  the  Transvaal, 
and  once  met  with  as  a  garden  escape :  — Barberton,  a  garden 
escape  in  the  Moody  Concession,  June  9,  1903,  Davy  262. 

Family  SALiCACEJi: :  Willow  Family. 

Populus  alba  canescens,  Loudon.  White  poplar,  Abele. 
Native  of  Europe  and  northern  Asia.  Extensively 
grown  around  farmsteads  throughout  the  Transvaal,  and  cut 
for  poles  and  for  rafters  to  support  thatch-roofs;  occasionally 
escaped  from  cultivation  and  established  along  streams :  — 
Crocodile  River,  at  the  Magaliesberg,  spontaneous  along  the 
river,  May  30,  1903,  Davy  188;  Roodepoort,  spontaneous  near 
the  railway,  March  26,  1904. 

Salix  babylonica,  Linn.,  Sp.  PI.  1017  (1753).  Weeping 
WILLOW,  Wilge-boom.  Native  of  the  Caucasus  and  northern 
Asia.  Grown  around  fountains  and  on  dams  almost  through- 
out the  Transvaal ;  occasionally  sub-spontaneous,  though  I  have 
not  yet  noticed  any  specimens  growing  from  self-sown  seed. 

Family  Scrophulariace.e  :   Witch-weed  Family. 

Linaria  vulgaris^  Mill.,  Gard,  Diet.  ed.  8.  n.l.  Yellow 
toad-flax,  Butter-and-eggs.      Native  of  Europe  (Arctic),  the 
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Caucasus,  and  northern  Asia;  an  alien  in  North  America  and 
S.  Africa.  A  reputed  purgative  and  diuretic.  Sometimes  cul- 
tivated in  farm  gardens  in  the  Transvaal,  and  occasionally  met 
with  as  an  escape: — Ermelo,  a  garden  escape,  Jan.  8,  1904, 
Davy  974;  Belfast,  a  garden  escape  at  farm  Kietvlei,  alt.  6,000 
ft.,  Feb.  5,  1904,  i>ar»/ i;L^J5. 

Veronica  anagallis-aquaticay  Linn.,  Sp.  PI.  12  (175'3). 
Brook-lime.  Native  of  the  North  temperate  z(me.  Occurs  in 
Natal  between  3,000  and  4,000  ft.  alt.,  /.  J/.  Wood.  Pretoria, 
alt.  4,400  ft.,  occasional  along  a  sluggish  sluit,  Dec.  13,  1903, 
Davy  799. 

Veronica  Touruejortii,  C.C.  Gmel.  Fl.  Bad.  1  :  39  (V. 
persica,  Hort.  ex.  Poir  Encycl.  8  :  542;  Y.  Buxbaumii,  Ten- 
ore,  Fl.  Nap.  1  :  7.  t.l.,  teste  Index  Kewenais).  Tovrxefort's 
SPEEDWELL,  Buxbaum's  speedwell.  Native  of  Europe,  from 
Belgium  southward,  N.  Africa,  W.  Asia,  the  Himalaya;  Hook, 
f.  A  colonist  in  Britain  since  1825,  Wats.;  ascends  to  1,000  ft. 
in  Northumberland,  Hook.  f.  An  alien  in  N.  America  and  S. 
Africa.  Adventive  in  the  Transvaal: — Lydenburg,  a  few 
specimens  along  a  water-furrow  in  the  main  street,  June  15, 
1903,  Davy  403. 

Family  Solanace.i:  :   Tobacco  Family. 

Datura  stramonium^  Linn.,  Sp.  PI.  179  (1753).  White 
STRAMONiTM,  Stink-blaad,  Common  thorn-apple,  Jamestown 
weed,  Jimson  weed,  Feuille  du  diable,  Herbe  du  diable.  Pro- 
bably of  Asiatic  origin;  now  almost  cosmopolitan;  an  alien  in 
Europe,  the  United  States,  and  S.  Africa.  Natal,  from  sea- 
level  up  to  2,000  ft.  alt.,  /.  M.  Wood.  Abundantly  distributed 
over  the  Transvaal,  a  common  and  troublesome  weed  in  culti- 
vated ground: — Belfast,  a  common  garden  weed  at  farm  Riet- 
vlei,  alt.  0,000  ft..  Fob.  5,  1904,  Davy  1267;  Kaalfontein  Kail- 
road  Station,  alt.  5,328  ft.,  a  common  weed,  March  21,  1904. 
Contains  daturin,  a  narcotic  poison;  the  source  of  medicinal 
Stramonium.  Valued  locallv  as  a  remedv  for  asthma,  neu- 
ralgia,  and  epilepsy. 

Datura  tat u  fa,  Unn.,  Sp.  PI.  ed.  2.  256  (1762-3).  Purple 
sTRAMOXirM,  Purple  thorn-apple.  Native  of  tropical  America; 
an  alien  in  tlie  Ignited  States  and  S.  Africa.  A  common  weed 
of  cultivated  and  waste  ground,  throughout  the  Transvaal,  but 
seldom  collected: — Potchefstroom,  alt.  4,500  ft.,  common  on 
vacant  erven,  Marcli  25,  1904. 

yicotiana  r/lauca,  R.  Graham,  in  Edinb.  N.  Phil.  Journ. 
175  (April-June,  1828);  Bot.  Mag.  t.  28:^7.  Tree  tohacco, 
Mexican  tobacco,  Wilde  tabac.  Native  of  Argentina;  an  alien 
in  the  western  United  States  and  S.  Africa.  Abundant  in 
parts  of  Natal  and  (*ape  Colony,  about  Kimberley  and  else- 
whore.  Said  to  have  been  carried  by  the  Boers  from  Kimberlev 
to  the  Vat  River  (Orange  River  Colony);  thence  to  several 
places  in  the  south-western  Transvaal.     Specimens  have  been 
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received  from  the  vicinity  of  Potclief stroom ;  also  reported  from 
Christiana,  where  it  is  said  to  grow  to  a  height  of  15  to  20  ft. 
on  the  banks  of  the  Vaal  River  and  around  homesteads.  The 
leaves  are  said  to  be  smoked  by  Mexican  greasers;  the  plant  is 
a  narcotic  poison,  and  is  reported  to  have  poisoned  stock  near 
Potchefstroom. 

Physalis  minima,  Linn.,  Sp.  PI.  18^3  (1753).  Probably  a 
native  of  Tropical  America;  now  widely  distributed  through 
the  tropics  as  a  weed.  Pretoria,  alt.  4,400  ft.,  a  common  weed 
on  cultivated  black  loam  (wet)  at  Skinner's  Court,  March  16, 
1904,  Davy  1748,  Begins  to  flower  in  December.  Related  to 
the  Cape  gooseberry  {Physalis  peruviana)-,  we  have  received 
fruits  of  what  appears  to  be  the  latter  species,  under  the  name 
Leekomokomo,  from  the  Zoutpansberg  District,  where  they  are 
eaten  by  the  natives. 

Solanum   incanuw,   Linn.,    Sp.  PI.  188  (1753);  Forsk.  Fl. 
^gypt.-Arab.  45.   (S.  sanctum,  Linn.,  Sp.  PI.  ed.  2.   269  teste 
Index  Kewensis),     Native  of  western  Africa  and  eastern  Asia. 
Near  Barberton,  alt.  cir.  2,000  ft.,  Jan.  10,  1904,  Legge  49,  in 
Herb.  Natal. 

Solanum  sodomeiim,  Linn.,  Sp.  PI.  187  (1753).  Var.  ? 
Origin  uncertain;  now  widely  distributed  in  warm  countries. 
Not  uncommon  as  a  weed  on  waste  land  in  towns  and  villages 
through  the  Transvaal. 

Solanum  nigrum,  Linn.,  Sp.  PI.  186  (1753).  Black 
:nightshade.  Origin  uncertain ;  according  to  Hooker,  it  is  now 
ifound  in  all  temperate  and  tropical  regions;  in  Natal  it  occurs 
:from  1,000  to  2,000  ft.  alt.,  /.  jL  Wood.  A  casual  alien  in  the 
Trfasvaal,  in  gardens  :  — Belfast,  a  garden  weed  at  farm  Riet- 
-i^lei,  alt.  6,000  ft.,  Feb.  5,  1904,  Dacy  1249;  Fourteen  Streams, 
^  garden  weed,  Feb.  14,  1903,  Davy  1692,  1604;  Pretoria,  alt. 
4,400  ft.,  a  garden  weed,  March  16,  1904,  Davy  1752;  Potchef- 
stroom, alt.  "4,500  ft.,  a  common  garden  weed,  March  25,  1904; 
Standerton,  a  common  garden  weed,  March  29,  1904,  Davy 
1787,  1800,  Contains  an  alkaloid,  solaninc,  which  is  a  narcotic 
poison  and  a  powerful  local  irritant. 

Solanum  pscudo'capsicum,  Linii.,  Sp.  PI.  184  (1753). 
jrERUS.\LEM  CHEHRY.  Native  of  Madeira;  much  cultivated  in 
greenhouses  and  windows  in  Europe  and  the  United  States.  A 
garden  escape  in  South  Africa :—  Lydenburg  District,  a  casual 
garden  escape  near  an  old  mine  site,  not  far  from  the  Mac  Mac 
Falls,  June  20,  1903,  Davy  437;  Potchefstroom,  alt.  4,500  ft.,  a 
garden  escape,  Dec.  27,  1903,  Davy  8oo,     Contains  solaninc. 

Family  Yerbenace.f.  :  Verbena  Family. 

Lantana  sal vi folia,  Jacq.,  Hort.  Schoenb.  3  :  18.  t.  285. 
Purple  lantaxa,  Uguguvama,  T^mpema  (?).  Native  of  Tropi- 
cal Africa,  India,  and  S.  Africa,  Peario^ ;  found  in  Cape  Colony, 
Natal,  and  the  Transvaal.       In  Natal  it  occurs  between  1,000 
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and  2,000  ft.  alt.,  /.  .1/.  Wood.     Eloff's  Dam,  near  Pretoria,  not 
abundant,  apparently  an  alien,  Nov.  9,  1903,  Davy  687, 

Lippia  asperifolia,  Rich.,  Cat.  Hort.  Med.  Par.  67.  Native 
of  S.  America.  Barberton,  a  weed  in  cultivated  g^round,  June 
9,  1903,  Davy  273,  Jan.,  1904,  Legge  27  (alt.  cir.  2,500  ft.) ; 
Lydenburg,  a  weed  on  vacant  ei*ven,  June  16,  1903,  Davy  417, 

Verbena  officinalis,  Linn.,  Sp.  PI.  20  (1753).  Vervain. 
Native  of  Europe,  from  Denmark  southward,  N.  Africa,  W. 
Asia,  and  the  Himalava;  an  alien  in  N.  America  and  S.  Africa. 
Occurs  in  Natal  between  1,000  and  2,000  ft.  alt.,  /.  M.  Wood. 
A  casual  weed  in  the  Transvaal :  — On  the  ilagaliesberg,  Burke 
59;  near  Lydenburg,  lj';7//?.s-  1176;  near  Pretoria,  Wilms  1175\i: 
Linokana,  in  the  Marico  District, /^o/m6  (teste  Pearson);  Lyden- 
burg, a  casual  garden  weed,  June  15,  1903,  Davy  400;  Pretoria^ 
alt.  4,400  ft.,  Dec.  31,  1903,  Davy  831.  An  object  of  much 
superstition  amongst  tlie  ancients,  Hooh,  f. 

Family  Zygopuyllace.*:  :   Guaiacum  Family. 

Tribal  us  terrestris  hispidissirnus  (Presl.)  Sond.  in  Fl.  Cap. 
1  t  353  (1862).  Devii/s  thorns,  DuiweVs  dooms.  Origin  un- 
certain: now  widely  distributed  through  the  tropics.  In  the 
Transvaal  it  is  a  common  weed  in  the  western  and  northern, 
districts,  towns,  in  market-places  and  town  lands,  and  at  outspan 
places  on  main  trek  roads,  also  around  homesteads  and  kraals  :  — 
Potcliefstroom,  alt.  4,500  ft.,  a  common  weed  near  the  Repatria- 
tion Camp  site,  Dec.  27,  1903,  Davy  854;  Pretoria,  alt.,  4,400  ft.^ 
a  roadside  weed,  not  common,  Jan.  4,  1904,  Davy  836;  Stander- 
ton,  alt.  5,000  ft.,  sparingly  met  with  on  the  village  roads  and 
vacant  erven,  Jan.  5,  1904,  Davy  901;  Fourteen  Streams,  a  com'* 
'mon  weed,  Feb.  14,  1904,  Davy  /J^J;  Schweizer  Beneke,  a..coniT 
mon  farmyard  weed  at  Yierfontein,  Feb.  18,  1904,  Davy  1662; 
Warm  Baths,  alt.  3,500  ft.,  a  common  weefl^  Dec,  1903,  Davy 
865.  The  **  burrs  "  are  said  to  injure  the  feet  of  young  lanibis 
and  kids,  and  to  damage  the  wool  of  sheep. 

Distribution  of  Species  among  Genera  and  Families^ 

There  are  in  all  141  species  enumerated  in  this  list,  repre- 
senting 110  genera  ^nd  37  families. 

Sixteen  (IG)  families  (Aizoacece,  Amaryllidace»,  Ascle* 
piadacea*,  Cactacose,  Capparidacea^,  (^onvolvulacete,  Meliaceae^ 
Moracea*,  ilyrtacea*,  Nyctaginacea*,  Papaveracese,  Pedaliacese, 
Phytolaccacese,  Portulacacece,  Primulaceae,  and  ZygOpKyllaceae) 
are  represented  by  only  a  single  genus  and  a  single  Bpeeies. 
Three  (3)  families  (Chonopodiaceae,  Oxalidacea*,  and  Planta-- 
ginacese)  have  but  a  single  genus,  but  with  n^pre  than  one 
species,  making  a  toial  of  nineteen  (19)  families  having  only 
1  genus. 

Eight  (8)  families  (Boraginacesp,  Cyperacea*,  Euphorbia- 
ce»,  Onagrareap,'  Polygonaceae,  Bosacese,  Ralicaceae,  and  Seroi 
phulariacese)  have  only  2  genera;  two  (Labiatae  and  Verbena- 
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cese)  have  3.  Three  (3)  (Caryophyllacese,  Malvaeese,  and 
Solanaceae)  have  4  genera. 

Only  5  families  are  really  well  represented,  Amarantacese 
with  5  genera  and  7  species,  Leguminosae  with  6  genera  and  8 
species,  Cruciferse  with  8  genera  and  9  species,  Compositae  with 
18  genera  and  20  species,  and-Graminese  with  20  genera  and  27 
species. 

For  the  purposes  of  this  analysis,  two  or  three  distinct 
varieties  {e.g.,  Lolium  temulentuvi  nrveiise)  have  been  treated 
as  species. 

This  list  is  not  as  formidable  as  it  looks;  not  all  of  the 
species  occur  in  quantity,  and  not  many  of  them  are  to  be 
classed  as  noxious  weeds. 

RELATIVE  ABUNDANCE  t)F  SPECIES. 

If  we  classify  the  141  species  and  varieties  into  four  arbi- 
trary groups,  (1)  Abundant  species,  (2)  Common    species,    (3) 
A.dventive  species,  i.e.,  species  of  only  local  occurrence,  at  pre- 
sent, but  which  show  signs  of  spreading,  and  (4)  Colonists,  or 
species  which  are  rarely  met  with  in  a  spontaneous  condition, 
and  which  do  not  yet  show  signs  of  spreading,  we  obtain  the 
following  proportions :  — 

Colonists  ...         ...         ...         ...         ...         ...     64 

Adventives      ... ...         ...         ...     40 

Species  only  occasionally  met  with,  as  yet     ...       94 
Common  species        ...         ...         ...         ...         ...     29 

Abundant   species      ...         ...         ...         ...         ...     18 

^  vllfCvX  •••  •••  •••  ••«  •••        ^^CJ» 

Thus  94  species  are  met  jvith  only  occasionally;  they  are 
either  of  very  recent  introduction,  or  are  not  inclined  to  spread. 

Only  47  species,  one-third  of  the  total  number,  are  at  all 
common  as  yet. 

Only  18  species,  about  one-eighth  of  the  total  number,  are 
abundant. 

These  proportions  are  sure  to  change  in  the  course  6i  a  few 
years.  They  are  more  or  le^s  arbitrary,  for  it  is  impossible  to 
draw  definite  lines  between  the  four  groups.  The  classification 
is  sufficiently  accurate,  however,  to  convey  a  fair  impression  of 
the  relative  abundance  of  the  species. 

Colonists  (Local  Species;  not  yet  Showing  Signs  of  Spreading). 

Acacia  decurrens,  Willd. 

Agave  americana,  L. 

Anagallis  caerulea,  Lam. 

Andropogon  sorghum  Nee»ii,  Korn. 

Andfopbg^on  sorghUm"  saceharatus,  Korn. 

Andropogon  sorghum  Schenkii,  Korn. 

Avena  sativa,  Ly  , 

Arundo  donax,  L.  ' 
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Brassica  campestris,  L. 

Brassica  nigra,  Kocli. 

Caesalpinia  sepiaria,  Boxb. 

Capsella  bursa-pastoris,  Medic. 

Celosia  cristata,  L. 

Chrysanthemum  segetum,  L. 

Cotula  australis,  Hook,  f . 

Cryptostemma  calendulaeeum,  R.  Br. 

Cyathula  globulifera  (Bojer)  Moq. 

Erythrina  caffra,  Thunb. 

Eucalj'ptus  globulus,  Labill. 

Gossypium  herbaeeum,  L. 

Hypochseris  radicata,  L. 

Linaria  vulgaris,  Mill. 

Lithospermum  arvense,  L. 

Lolium  temulentum  arvense  (With.)  Syme. 

Mariscus  sieberianus,  Nees. 

Medieago  dentieulata,  Willd. 

Medicago  sativa,  L. 

Mentha  aquatica,  L. 

Mirabilis  jalapa,  L. 

Nicotiana  glauca,  E.  Graham. 

ffinothera  biennis  grandiflora,  Lindl. 

( )steospermum  muricatum  asperum,  Harv. 

Pennisetum  spieatum  (Willd.)  Eoem.  &  Schult. 

Phalaris  canariensis,  L. 

Plialaris  minor,  Hetz. 

Phleum  pratense,  L. 

Polygonum  amphibium,  L. 

Polygonum  convolvulus,  L. 

Populus  alba  canescens,  Loud. 

Prunus  persica,  Stokes. 

Baphanus  raphanistrum,  L. 

Bicinus  communis  Hvidus,  Jaeq. 

Bubus  rosaefolius.  Smith. 

Salix  babylonica,  L. 

Solanum  pseudo-capsicum,  L. 

Solanum  incanum,  L. 

Spergula  arvensis,  L. 

Stellaria  media,  Cyrill. 

Tragopogon  porrifolius,  L. 

Trifolium  hybridum,  L. 

Trifolium  pratense  perenne,  Agric. 

Veronica  anagallis-aquatica,  L. 

Veronica  Tournefortii,  C.C.  Gmel. 

Xanthium  strumarium,  L. 

Advent ive  (i.e..  Occasional,  but  Spreading). 

Alternant  he  ra  sp, 

Andropogon  lialepensis  effusus,  Stapf. 
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Antliemis  cotula,  L. 

Argemone  mexicana  ocliroleiica,  Lindl. 

Barbarea  prsecox,  II.  Br.  (?)    . 

Bromus  Willdenowii,  Kunth. 

Chenopodium  botrys,  L. 

Chenopodium  polyspermum,  L.  >. 

Coronopus  didymus  (L.)    Smith. 

Cosmos  bipinnatus,  Cav. 

Dactyloctenium  legyptiiim  (L.)  Willd. 

Eragrostis  minor  megastachja  (Link)  Davy. 

Gynandropsis  pentaphylla  (L.)  DC. 

Ipomoea  purpurea,  Koth. 

Leucas  martinicensis  (Swartz)  Ait. 

Limeum  linifolium,  Fenzl. 

Lolium  temulentum,  L. 

Malva  parviflora,  L.        . 

Melia  azedaracli,  L. 

Nasturtium  officinale,  B.  Br. 

Opuntia  ficus-indica,  L. 

Paspalum  dilatatum,  L. 

Plantago  lanceolata,  L. 

Plant  ago  major,  L. 

Poa  annua,  L. 

Polygonum  aviculare  erectum  (L.)    Roth. 

Rumex  acetosella,  L. 

Rumex  crispus  trigranulata,  Syme. 

Sesamum  indieum,  L. 

Silene  gallica,  L. 

Sisymbrium  capense,  Thunb. 

Solanum  nigrum,  L. 

Sonchus  oleraeeus,  L. 

Tagetes  erecta,  L. 

Taraxacum  officinale,  Weber. 

Vaccaria  vulgaris,  Host. 

Verbena  officinalis,  L. 

Vicia  sativa,  L. 

Xylopleurum  roseum  (Ait.)  Raim. 

Xylopleurum  tetrapterum  (Cav.)  Raim. 

Common. 

Amarantus  spinosus,  L. 

Amara»tu8  Thun%<errgii,  Moq. 

Cannabis  indica,  Lam. 

Chenopodium  album,  L. 

Chenopodium  ambrosioides,  L.      . 

Chenopodiiun  murale,  L.  ^ 

Conyza  podocephala,  DC. 

Cynoglossum  micranthum,  Desf. 

Cyperus  esculentus,  L. 

Euphorbia  sanguinea,  Hoehst.  &  Steud. 


286  Report— 1904. 

Gnaphalium  luteo-album,  L. 

Hibiscus  trionum  hispidus,  DC. 

Lantana  salvifolia,  Jacq.      ... 

Lippia  asperifolia,  llich. 

Xidorella  auriculata,  DC. 

Oxalis  corniciilata,  L. 

Oxalis  sp. 

Physalis  minima,  L. 

Polygonum  lapathifolium  maculatum  (Krock)  Hook.  f. 

Portulaca  oleracea,  L. 

Ricinus  communis,  L. 

Rottboellia  compressa  fasciculata,  Hack. 

Rumex  ecklonianus,  Meisn. 

Salvia  obtusata,  Thunb. 

Salvia  sp. 

Setaria  verticillata  (L.)  Beauv. 

Solanum  sodomeum,  L.  var. 

Tragus  racemosus,  Scop. 

Tribulus  terrestris  bispidissimus  (Presl)  Sond. 

Abundant  (tbe  Most   Common   Species). 

Amarantus  paniculatus,  L. 

Bidens  pilosa,  L. 

Bidens  pilosa  leucantlia  (Willd.)  Harv. 

Cynodon  dactylon  (L.)  Pers. 

Cliloris  virgata,  Swartz. 

Datura  stramonium,  L. 

Datura  tatula,  L. 

Eleusine  indica  (L.)  Gsertn. 

Erigeron  canadensis,  L. 

(jomphocarpus  fruticosus  (L.)  R.Br. 

Gomphrena  globosa,  L. 

Lepidium  capense,  Thunb. 

Panicum  helopus  glabrescens,  K.  Sebum. 

Panieum  isachne,  Roth. 

Sida  rhombifolia,  L. 

Tricholsena  rosea,  Nees. 

Xanthium  spinosum,  L. 

Zinnia  pauciflora.,  L. 

ECONOMIC    ASPECT. 

It  is  commonly  supposed  that  all  weeds  are  noxious  or 
troublesome ;  but  this  is  by  no  means  the  case.  They  may  be 
useful,  even  though  they  answer  our  definition  of  a  w^ea,  in 
that  they  grow  where  they  are  not  wanted,  be  it  in  the  mealie- 
patch,  the  flower-bed,  the  lawn,  the  footpath  or  the  gutter.  A 
weed,  as  such,  is  not  an  entity;  a  plant  ceases  to  be  a  weed  when 
it  is  not  growing  out  of  place,  or  where  it  is  not  wanted;  Ber- 
muda-grass is  a  most  injurious  weed  in  an  onrhard,  but  in  a 
pasture  it  is  one  of  our  most  useful  forage  plants.     If  this  were 
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not  the  case  thei^e  would  be  many  more  weeds,  for,  given  suit- 
able conditions  of  climate  and  soil,  and  immunity  from  such 
restrictive  influences  as  fungus  diseases  and  insect  pests,  almost 
any  plant  may  become  a  weed. 

Weeds  may,"  therefore,  be  classified  as  (1)  Noxious,  (2) 
Troublesome,  (3)  Innocuous,  (4)  Useful. 

(1.)  Noxious  Weeds. — Abundant  species:  Bidens  pilosa, 
L.,  Bidens  pilosa  leucantha  (Willd.)  Ilarv.,  Cynodon  dactylon 
(L.)  Pers.,  l)atura  stramonium,  L.,  Datura  tatula,  L.,  Erigeron 
canadensis,  L.,  Xanthium  spinosum,  L. ;  Coninton  species: 
Amarantus  spinosus,  L.,  Cannabis  indica.  Lam.,  Cyperus  escu- 
lentus,  L.,  Setaria  verticillata  (L.)  Beauv.,  Oxalis  sp..  Tragus 
racemosus.  Scop.,  Tribidus  terrestris  bispidissimus  (Presl) 
Sond. ;  Adventive  species :  These,  though  not  yet  common,  are 
likely  to  prove  noxious;  Alternanthera  sp.,  Andropogon  hale- 
pensis  eft'usus,  Stapf,  Argemone  mexicana  ochroleuca,  Lindl., 
Lolium  temulentum,  L.,  Opuntia  ficus-indica.  Mill.,  Rumex 
acetosella,  L.,  Silene  gallica,  L.,  Solanum  nigrum,  L. ;  Colo- 
nists :  Crjptostemma  ealendulaceum,  E.Br.,  Hypochaeris  radi- 
cata,  L.,  Lolium  temulentum  arvense  (With.)  Syme,  Xanthium 
strumarium,  L.,  Medicago  denticulata,  Willd.,  Xicotiana 
glauca,  R.Grah.,  Polygonum  convolvulus,  L.  The  aforemen- 
tioned 29  species  may  he  considered  noxi^ms  weeds. 

(2.)  Troublesome  Weeds.— All  noxious  weeds  are,  of  course, 
troublesome,  but  not  all  troublesome  weeds  are  noxious.  The 
following  belong  to  the  latter  class.  Abundant  species:  Ama- 
rantus paniculatus,  L.,  Eleusine  indica  (L.)  Gsertn.,  Gompho- 
carpus  fruticosus  (L.)  R.Br.,  Lepidium  capense,  Thunb.,  Pani- 
-cum  helopus  glabrescens,  K.  Schum.,  Sida  rhombifolia,  L., 
Panicum  isachne,  Roth;  Covuium  species :  Amarantus  spinosus, 
L.,  Chenopodium  album,  L.,  Chenopodium  ambrosioides,  L., 
Chenopodium  murale,  L.,  Gnaphalium  luteo-album,  L.,  Hibis- 
cus trionum  hispidus,  DC.,  Lantana  salvifolia,  Jacq.,  Oxalis 
corniculata,  L.,  Physalis  minima,  L.,  Portulaca  bleracea,  L. ; 
Adventive  species  :•  Eragrostis  minor  megastachya  (Link)  Davy, 
Limeum  linifoUum,  Fenzl.,  Malva  parviflora,  L.,  Poa  annua, 
L.,  Plantago  lanceolata,  L.,Poh'gonum  aviculare  erectum,  Roth, 
Sonchus  oleraceus,  L. ;  Vaccaria  vulgaris.  Host ;  Colonists : 
Brassica  campestris,  L.,  Brassica  nigra,  Koch.,  Capsella  bursa- 
pastoris.  Medic,  Chrysanthemum  segetiim,  L.,  Lithospermum 
arvense,  L.,  Phalaris  canariensis,  L.,  Phalaris  minor,  Retz., 
Raphanus  raphanistrum,  Lr.,  Spergula  arvensis,  L.,  Stellaria 
media^  Cy rill.,  Veronica  Tournefortii,  C.C.  Gmel.,  Cyathula 
globulifera  (Bojer)  Moq. — ^37  and  29=66  species  which  are,  or 
may  become,  noxious  or  troublesome. 

•'  (3.)  Innocuous  Weeds.— These  naturally  include  all  Trans- 
vaal weeds  which  are  not  included  in  the  two  lists  immediately 
preceding.     It  is,  •therefoi'fe,  unnecessary  to  Yepeat*  them  here. 
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(4.)  Useful  weeds  and  spontaneous  aliens:  — 

Colonists. 

Acacia  decurrens,  TVilld.,  tan-bark,  fuel,  shade. 

Andropogon  sorghum  Neesii,  Korn.,  grain,  forage. 

Andropogon  sorglium  Sehenkii,  Korn.,  grain,  forage. 

Andropogon  sorghum  ^acchsratus  (L.)  Kom.,  sugar,  forage. 

Arundo  donax,  L.,  ornamental  planting,  reeds. 

Avena  sativa,  L.,  grain,  forage. 

Caesalpinia  sepiaria,  Koxb.,  hedges. 

Celosia  cristata,  L.,  (»rnamental  garden  plant. 

Eucalyptus  globulus,  Labill.,  timber,  essential  oil,  bee  food. 

Gossypium  herbaceum,  L.,  cotton. 

Medicago  denticulata,  Willd.,  forage. 

Medicago  sativa,  L.,  forage,  bee  food. 

Pennisetum    spicatum    (Willd.)    Kopm.    &    Sehult.,   grain^ 

forage. 
Phalaris  canariensis,  L.,  bird-seed,  forage. 
Phleum  pra tense,  L.,  forage. 
Populus  alba  canescens,  Loud.,  poles. 
Bicinus  communis,  L.,  oil. 

Kicinus  communis  lividus,  Jacq.,  ornamental  planting. 
Rubus  rosaefolius.  Smith.,  edible  fruit,  ornament. 
Salix  babyhmica,  L.,  shade  and  ornamental  planting. 
Solanum  pseudo-capsiciim,  L.,  ornamental  plant. 
Tragopogon  porrifolius,  Ji.,  garden  vegetable. 
Trifolium  hybrid um,  L.,  forage. 
Trifolium  pra  tease  perenne,  Agric,  forage. 

Adventive  species. 

Andropogon  halepensis  effusus,  Stapf.,  forage. 

]}romus  Willdenowii,  Kunth.,  forage. 

Cannabis    indica.    Lam.,    fibre,     bird-seed,    bhang,    and 

hasheesh. 
(\)smos  bipinnatus,  Cav.,  ornamental  garden  plant. 
Cyperus  esculentus,  L.,  tubers  edible. 
Dactyloctenium  apgyptium  (L.)  Willd.,  lawns,  forage. 
Ipomsea  purpurea.  Roth.,  ornamental  garden  plant. 
Melia  azedarach,  L.,  shade  tree. 
Nasturtium  officinale,  R.Br.,  salad. 
Opuntia  ficus-indica.  Mill.,  edible  fruit,  hedges. 
Paspalum  dilatatum,  L.,  forage. 
Sesamum  indicum,  L.,  oil. 

Xylopleurum  roseum  (Ait.)  Raim.,  1  ornamental  gar- 

Xylopleurum  tetrapterum  (Cav.)  Raim.,/      den  plants. 

Common  species. 

Hibiscus  tricmum  hispidus,  DC,  ornamental  garden  plant. 
Portulaca  oleracea,  L.,  salad  and  pot-herb. 
Rottboellia  compressa  fascieulata.  Hack.,  forage. 
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Abundant  species. 

Cliloris  virgata,  Swartz.,  forage. 

Amarantus  paniculatiis,  L.,  forage. 

Cynodon  dactylon  (L.)  Pers.,  forage. 

Datura  stramonium,  L.,  narcotic  poison,  used  medicinally. 

Datura  tatula,  L.,  do.  do. 

Eleusine  indica  (L.)  Gsertn.,  forage. 

Gomphocarpus  fruticosus  (L.)  B.Br.,  fibre. 

GEOGKAPHICAL    DISTMIBUTION. 

One  of  the  most  interesting  branches  of  botany  is  the  study 
of  the  distribution  of  plants  over  the  face  of  the  globe;  it  is 
known  as  Geographical  Botany.  Its  study  involves  a  know- 
ledge, not  only  of  geography  and  climatology,  but  also  of 
geology,  palseo-botany,  evolution,  plant-physiology,  ethnology, 
history,  agriculture,  and  even  commerce. 

While  primarily  concerned  with  the  investigation  of  the 
aboriginal  homes  of  plants,  a  thorough  student  of  geographical 
botany  must  necessarily  investigate  the  origin  and  distribution 
of  cultivated  plants.  How  difficult  this  question  is,  and  how 
much  recondite  learning  it  requires,  are  shown  in  the  classic 
pages  of  that  interesting  work,  **  L'Origine  des  Plantes  Cul- 
tivees,"  of  the  erudite  botanist,  Alphonse  De  CandoUe,  of 
Geneva.* 

But  geographical  botany  should  by  no  means  be  concerned 
only  with  the  past  history  of  plants,  their  origin  in  space  and 
time.  The  facies  of  the  world's  flora  is  rapidly  changing,  and 
tends  to  become  more  uniform,  within  certain  limits,  under  the 
influence  of  agriculture  and  commerce.  These  changes  should 
be  investigated  and  recorded,  both  for  scientific  and  for  eco- 
nomic purposes.  The  same  herbaceous  crops  and  cultivated 
timber  trees  are  being  carried  over  the  world  to  countries  enjoy- 
ing similar  climatic  conditions.  Many  of  the  same  weeds  of 
roadside,  hedgerow,  and  neglected  farm  or  garden  are  spreading 
to  almost  every  continent,  limited  only  by  restriction  of  climate 
and  the  bounds  of  commercial  intercourse. 

Factors  Governing  Plant  Migration. 

The  distribution  of  plants  was  for  long  mainly  carried  out 
by  the  agency  of  wind,  currents;  migratory  birds,  mammals,  and 
reptiles.  Latterly  it  has  been  expedited  by  the  development 
of  commerce  and  agriculture.  Not  only  are  domesticated  plants 
carried  from  country  to  country  and  continent  to  continent, 
but  with  them  are  carried  the  seeds  of  other  plants  which  have 
grown  in  their  vi<»inity.  Seeds  are  also  carried  from  port  to 
port  in  ship's  ballast,  and  from  place  to  place  by  domestic 
animals.  Weeds  we  call  some  of  them;  colonists,  immigrants, 
casuals,  or  escapes,  we  call  others,  according  to  their  noxious 

*  S«e  De  CandoIIe.  A.  ;  Origin  of  Cultivated  Plantft,  translAted  from  the  Frencli. 

London  :  Kegan  Pant.  Trench  and  Co.    1H84. 
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character,  relative  abundance,  adaptability  to  naturalisation, 
etc. 

The  extent  to  which  alien  plants  will  spread  in  a  country, 
and  from  one  country  to  another,  is  truly  remarkable.  The 
common  Pig- weed  or  Misbreede,  Amarantus  paniculatusy  a 
native  of  Tropical  America,  though  of  quite  recent  introduc- 
tion, is  now  found  in  every  town  and  village  of  the  Transvaal, 
and  around  almost  every  farmstead.  Within  about  fifty  yeai*s, 
Ihonnis  hordeaccua,  a  native  of  the  Mediterranean  region,  has 
spread  over  almost  every  stock-range  from  end  to  end  of  Cali- 
fornia. The  common  Wart-cress,  Coronopus  didyvius,  so  abun- 
dant in  England,  on  the  Continent,  in  the  United  States, 
Australia,  and  elsewhere,  and  which  has  now  found  its  way  to 
tlie  Transvaal,  is  a  native  of  temperate  South  America. 

The  large  number  of  alien  species  which  now  enter  into 
the  composition  of  the  flora  of  almost  everj'  civilised  country, 
is  probably  little  thought  of.  It  is  said  that  even  the  common 
<laisv  and  dandelion  of  England  are  probably  aliens.  In  the 
9<h  Edition  of  the  London  Catalogue  of  Briti^sh  Plants  (1895), 
Mr.  Hanbury  enumerates  194  aliens  out  of  a  total  of  1,958 
species  of  flowering  plants  and  ferns  in  the  British  Islands,  an 
average  of  10  per  cent.  This  is  a  large  percentage,  yet  it  is 
probably  incomplete,  as  the  catalogue  does  not  profess  to  be  an 
authoritative  document,  as  regards  the  nativeness  of  species, 
and  species  which  are  doubtfully  native,  such  as  the  daisy  and 
dandelion,  are  not  there  treated  as  aliens. 

i  )rigin  of  Our  Aliens. 

In  order  to  discuss  this  question  intelligently  we  must 
deduct  from  our  141  species,  15  species  which  are  now  so  cosmo- 
politan that  their  original  home  is  not  known  with  cer- 
tainty, and  2  species  of  which  the  exact  identification  has  not 
yet  been  completed.  This  leaves  124  species  to  be  accounted 
for. 

These  are  distributed  as  follows:  — 

The  Mediterranean  Eegion  (N.  Africa,  W. 
Asia,  and  S.  Europe)  ... 

America,  tropical  and  warm-temperate  ... 

Africa,  tropical 

Asia,   tropical 

Asia,  central 

Africa,  South 

Europe,  Xorth         ,..         ...         ...  ... 

^xusviaiia        ...  ...  ...  ...  ••• 

America,  temperate  Xorth 

America,  temperate  South 

161        „■ 
The  additional  numbers  are  due  to  duplication  of  speciea, 
which  are  native  to  i)) ore  tjian  one  region. 


41 

species 

24 

23 

•  ■ 

19 

19 

15 

13 

3 

2 

2 

- 

,.<.,>  * 
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If  we  exclude  from  oiir  list  those  species  which  have  been 
introduced  only  as  ornamental  garden  plants  or  farm  crops, 
and  which  have  escaped  from  cultivation,  we  get  the  following 
figures :  — 


True 

TotoU 

Escapes. 

ItnmigrantH. 

Mediterranean  region  ... 

.     41 

8 

33 

America,    tropical    and    warm- 

temperate 

.     24 

11 

13 

Africa,  tropical 

.    2;i 

7 

16 

Asia,  tropical 

.     19 

6 

13 

Asia,  central       ...         

.     19 

5 

14 

Africa,  South     ... 

.     15 

1 

14 

Europe,  North 

.     l:] 

3 

10 

Australia              ...          ... 

3 

1 

America,  temperate  N. 

9 

1 

1 

America,  temperate  8. 

'2 

1 

1 

Uncertain  origin 

.     17 

1 

16 

Koutes  of  Travel. 

These  figures  are  interesting  as  showing  the  original  source 
of  supply  of  our  immigrant  plant  population.  It  must  be  borne 
in  mind,  however,  that  the  common  migratory  plants,  and 
particularly  weedy  species,  are  now  so  widely  scattered  over  the 
globe  that  they  do  not  always  come  to  us  direct.  Thus  the 
common  Wart-cress,  Coronopns  didyiuuSy  already  referred  to 
as  a  native  of  South  America,  has  probably  reached  us  via 
Europe,  where  it  is  now  extremely  common.  The  so-called 
**  Australian  "  Prairie-grass  is  the  Rescue-grass  of  the  United 
States ;  it  is  a  native  of  South  America,  whence  it  migrated  to 
Texas  and  California,  thence  to  Australia,  and,  probably  from 
thence,  to  the  Transvaal. 

Of  the  33  Mediterranean  Region  species  (not  counting 
"  escapes  "),  at  least  25  occur  also  in  northern  Europe,  some  of 
them  indigenous  there,  others  as  aliens,  and  they  may  have 
reached  us  from  that  source,  leaving  only  8  strictly  S.  European 
species,  which  are  not  likely  to  have  reached  us  from  N.  Europe. 
These  are :  — 

Andropogon  halepensis  efiFusus,  Stapf. 

Eragrostis  minor  megastachya  (Link)  Davy. 

Gomphocarpus  fruticosus  (L.)  R.Br. 

Malva  parviflora,  L. 

Panicum  isachne.  Both. 

Phalaris  minor,  Retz. 

Portulaca  oleracea,  L. 

Vaccaria  vulgaris.  Host. 

All  of  these,  with  the  exception  of  Gomphocarpus  fruti- 
cosus and  Panicuvi  isachne f  are  common  weed^  in  California. 
Of  the  two  last-named  the  former  is  now  a  common  weed  iiv 
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Australia ;  the  latter  is  common  in  India ;  it  is,  therefore,  pos- 
sible that  none  of  them  came  to  us  direct  from  the  Mediter- 
ranean. 

The  South  European  species  may  have  been  early  importa- 
tions via  the  Cape;  Malva  parvi flora  and  Portulaca  oleracea 
were  common  there  in  1860,  when  the  first  volume  of  the  Flora 
Capensis  was  prepared.  This  may  have  been  the  ease  also  with 
Gomphocarpiis  fruticosus. 

Eragrostia  minor  wegastachya,  Phalaris  minor,  Phalaris 
canariensiSf  Anagallis  cccrulea  and  Vaccaria  vulgaris  are  recent 
introductions,  the  Phalaris  from  California  with  seeds  of  forage 
plants  from  the  Agricultural  Experiment  Station  there. 

The  one  species  from  temperate  N .  America,  and  the  one 
from  temperate  S.  America,  may  have  reached  us  by  way  of 
Europe,  as  both  are  now  common  there. 

Cotula  austral  is  may  have  come  direct  from  Australia  or 
New  Zealand,  or  via  San  Francisco,  where  it  is  now  common. 

The  Xorth  European  species,  and  those  of  S.  Europe  which 
are  also  found  in  the  north,  as  noted  above,  are  the  most  easily 
accounted  for,  because  of  the  constant  stream  of  traffic  and 
commerce  between  South  Africa,  England,  and  the  Continent 
of  Europe,  which  has  been  going  on  for  years. 

South  African  Species. 

The  following  are  considered  to  be  indigenous  to  parts  of 
South  Africa,  but  appear  to  be  immigrants  in  the  Transvaal :  — 
Amarantus  Thunbergii,  Moq. 
Conyza  podocephala,  DC. 
Cryptostemma  calendulaceum,  R.Br. 
Cyathula  globulifera  (Bojer)  Moq. 
Erythrina  caffra,  Thunb. 
Lantana  salvifolia,  Jacq. 
Lepidium  capense,  Thunb. 
Limeum  linifolium,  Fenzl. 
Nidorella  auriculata,  DC.  var. 
Osteospermum  muricatum  asperum,  Ilarv. 
Rottboellia  compressa  fasciculata.  Hack. 
Rumex  ecklonianus,  Meisn. 
Salvia  obtusata,  Thunb. 
Sisymbrium  capense,  Thunb. 
Trichola;na  rosea,  Nees. 
Setaria  verticillata  (L.)  Beauv. 

Of  this  list,  the  Cryptostemma  is  not  certainly  known  to 
occur  in  the  Transvaal;  the  Cyathula  may  be  indigenous;  the 
Erythrina  is  a  garden  escape.  The  Cyathula,  Lantana,  Limeum, 
Rottboellia,  Setaria,  and  Trichdlsena  -are  tropical  African 
Species,  and  their  occurrence  in  South  Africa  may  be  either 
as  outliers  of  the  flora  of  tropical  Africa,  or  merely  as  immi- 
grants. 


^ 
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Species  from  Tropical  Asia. 

The  following  species  appear  to  be  common  alike  to  tro- 
pical Asia  and  tropical  Africa,  and  probably  reached  us  from 
the  north  :  — 

Andropogon  sorghum,  Brot. 

Andropogon  sorghum  saccharatus  (L.)  Korn. 

Eleusine  indica  (L.)  Gaertn, 

Gossypium  herbaceum,  L. 

Lahtana  salvifolia,  Jacq. 

Panicum  helopHS  glabrescens,  K.  Schum. 

Panicum  isachne,  Eoth. 

Pennisetum  spicatum  (Willd.)  RoBm.  &  Schult. 

Kicinus  communis,  L. 

Bottboellia  compressa  fasciculata,  Hack. 

Sesamum    indicum,  L. 

Solanum  incanum,  L. 

Tricholsena  rosea,  Nees. 

Most  of  the  13  species  from  tropical  and  warm-temperate 
America  are  now  almost  cosmopolitan,  and  are  not  likely  to 
have  come  to  us  directly. 

Much  interesting  work  remains  to  be  done  in  tracing  the 
origin  and  routes  of  travel  of  these  aliens;  it  cannot  be  com- 
pleted until  we  have  access  to  more  extensive  literature  on  the 
Floras  of  the  world.  The  problem  is  much  complicated  in  the 
case  of  South  Africa,  from  the  fact  that  so  much  stock,  forage 
and  agricultural  seed  was  gatliered  together  during  the  late 
war  by  the  Military  and  Eepatriation  Departments,  fropi  all 
parts  of  the  world  and  has  been  scattered  broadcast  over  the 
country.  That  many  aliens  owe  their  introduction  to  these 
sources  is  evident  from  the  fact  that  they  are  at  present 
found  only  on  the  sites  of  Military  and  Eepatriation  eampai. 

The  notes  here  given  are  mere  outlines  of  this  part  of  the 
subject;  lack  of  adequate  literature  has  made  it  impossible  to 
fill  them  out. 

The  methods  bj^  which  alien  plants  are  conveyed  from  place 
to  place  and  the  reasons  whj-  some  species  make  good  immi- 
jQ^rants  and  quickly  become  naturalised,  while  others — appa- 
rently equally  hardy — remain  as  mere  **  escapes "  or  occur 
only  as  "  casuals,''  is  interesting  and  intricate,  and  involves 
questions  of  plant  physiology  and  morphology  as  well  as  of 
climatology.  The  solution  of  these  problems  affords  a  valuable 
olue  to  successful  plant-introduction.  Some  of  these  plants 
teeome  physiologically  modified  by  their  residence  and  acclima- 
tisation in  another  country,  and  become  more  hardy  in  conse- 
c|uence;  thus  of  five  plots  of  the  European  grass  known  as 
l^talian  rye-grass  (Lolium  perenne  italicum),  tested  simulta- 
neously on  our  Experiment  Grounds  at  Potchefsti*oom,  under 
precisely  similar  conditions,  and  sown  on  the  same  day,  the 
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plot   grown    from    New    Zealand    seed    is  superior  to  the  plot 
grown  from  the  best  strains  of  Englisli  and  Scotch  seed. 

We  have  already  explained  that  not  all  immigrant  plants 
become  weeds.  A  few  native  plants  sometimes  become  weeds 
when  the  so-called  "'  balance  of  nature  "  is  disturbed  by  man» 
either  on  account  of  peculiar  morphological  characters  which  aid 
in  their  distribution,  or  from  some  physiological  condition  which 
renders  them  better  adapted  than  their  neighbours  to  take  ad- 
vantage of  more  favourable  conditions,  or  more  hardy  to  with- 
stand less  suitable  ones. 

The  "  balance  of  nature  ''  is  so  well  preserved,  however, 
that  most  native  plants  are  kept  within  bounds  bj^  insect  or 
fungus  pests  and  other  restrictive  provisions  of  nature. 

These  same  restrictive  agencies  apply  with  even  greater 
force  to  many  alien  plants,  particularly  to  those  which  we  are 
most  desirous  of  introducing.  It  is  a  fact  noted  in  every 
country  by  agriculturists  and  horticulturists  endeavouring  to 
establish  new  cultural  industries.  It  is  often  attributed  to  soil 
or  climate :  but  we  can  scarcely  consider  soil  and  climate  to  be 
the  sole  cause  in  view  of  the  fact  that  other  species,  from  the 
same  countries,  become  rampant  weeds  under  the  same  condi- 
tions. 

Then  where  (Joes  the  difference  lie?  It  is  mainlj-  a  physio- 
logical one ;  it  depends  on  difference  of  constitution.  And  here 
we  become  aware  of  a  most  important  factor  in  successful  plant 
introduction  and  cultivation.  A  highly  bred  race  of  barlev, 
grown  for  brewing  purposes,  on  the  best  tilled  and  most  highly 
cultivated  soils  of  Great  Britain  is  not  likely  to  have  such  a 
hardy  constitution  as  one  grown  on  the  poorly  cultivated  soils 
of  Algeria.  Long  cultivation  and  the  development  of  highly 
specialised  races  of  plants,  appears  to  diminish  their  adapt- 
ability to  spontaneous  naturalisation  in  foreign  countries.  Few 
cultivated  crops  run  wild,  even  under  favourable  conditions, 
and  those  that  do  so  appear  to  be  the  ones  that  have  been  least 
altered  under  cultivation,  and  have  been  most  recently  brought 
into  domestication.  So  much  is  this  the  case  that  we  Ate  apt 
to  judge  of  the  relative  length  of  time  a  plant  has  been  brouflrnt 
into  cultivation,  by  its  tendency  to  run  wild.  Many  of  our 
eldest  cultivated  crops  have  been  so  much*  altered  by  cultiva- 
tion that  they  are  no  longer  recognisable  in  a  truly  wild  state. 

But  to  return  from  a  digression ;  the  decrease  in  hardihood 
due  to  high  breeding,  is  not  the  only  factor  in  the  problem  why 
alien  weeds  grow  more  readily  than  domesticated  plants,  undej* 
changed  conditions.  If  the  careful  attention  bestowed  on  crops 
in  intensive  horticulture,  or  high  farming,  tends,  when  the^e 
safeguards  are  removed,  to  render  those  plants  less  able  to 
withstand  disease,  drought  and  the  encroachments  of  iaore 
Tigprous  weeds  struggling  for  existence^  the  converse  appears 
to  be  equally  true,  that  the  result  of  the  survival  of  the  fittest 
plants  under  the  most  unc(mgenial  surroundings  and  least  fav- 
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Durable  climatic  conditions,  tends  to  make  them  better  colo- 
nists. While  morphological  differences  enable  some  plants  to 
migrate  more  readily  than  others,  and  to  survive  in  the  struprgle 
for  existence  when  others  go  under,  phj-siological  differences 
render  some  plants  more  adaptable  than  others  to  varying  con- 
ditons,  and  they,  therefore,  make  better  colonists.  An  Austra- 
lian strain  of  the  North  European  Perennial  rye-grass  (Lolium 
perenne)  grown  on  dry  land  in  Australia,  and  taken  to  Cali- 
fornia, proved  so  much  more  resistant  to  drought  than  the 
strains  obtained  from  the  Eastern  United  States,  Ireland  and 
England,  that  it  was  eagerly  sought  by  graziers,  and  received 
the  distinctive  varietal  name  Australiense^  though  morpholo- 
gically indistinguishable  from  a  European  form.  At  a  recent 
meeting  of  the  Linnean  Society,  Salmon  reported  as  thfe  result 
of  a  long  series  of  rust  innoculation  experiments  with  Bromus, 
at  the  Cambridge  University  laboratories,  having  established 
the  fact  that  physiological  varieties  exist,  some  resistant  to 
rust,  and  some  susceptible  to  inoculation,  though  morphologi- 
cally indistinguishable. 

The  question  of  climate  lias  also  much  to  do  with  success- 
ful plant  naturalisation.  A  plant  which  has  thriven  in  a  humid 
climate  does  not  seem  to  take  readily  to  an  arid  one,  and  vice 
versa.  Plants  from  the  shady  forest  do  not  usually  thrive  on  an 
exposed  plateau,  and  vice  versa.  A  plant  which  has  lived  in  a 
thermal  clime  does  not,  usually,  tolerate  frost;  but  in  the  latter 
case  the  converse  is  not  equally  true :  a  plant  of  the  cool-tempe- 
rate zone  will  often  thrive  better  in  the  genial  clime  of  the 
warm-temperate  zone,  than  one  which  has  always  lived  in  the 
latter.  Arctic  plants  do  not,  as  a  rule,  thrive  near  the  tropics, 
but  those  from  a  comparatively  cold  climate,  if  transplanted  a 
few  degrees  nearer  the  equator,  will  often  over-run  and  choke 
out  plants  indigenous  to  the  latter;  they  appear  to  have  deve- 
loped a  more  rugged  constitution  under  the  more  rigorous  con- 
ditions of  their  original  home,  which  enables  them  to  oust  their 
less  sturdy  neighbours  of  the  warmer  clime. 

How  Plants  may  Migrate. 

How  do  weeds,  not  being  endowed  with  the  power  of  loco- 
motion, travel  from  place  to  place?  There  are  two  classes  of 
weed  migration,  the  natural,  in  which  the  dissemination  is  un- 
aided by  man,  and  the  artificial,  including  the  many  ways  in 
which  distribution  is  more  or  less  furthered  by  human  agency. 
The  principal  modes  of  distribution  are  here  mentioned,  with 
a  few  examples  of  each.  . 

^*  '  A.— Natural  Dis.serfii nation. 

By  Runner.^. 

Cynodon  dactylon! 

Cynodon  incompletus  (an  indigenous  species). 

The  garden  strawberry  is  a  familiar  example. 
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lihizoNie.'i  and  Offsets, 

Agave  americana. 
Andropogon  lialepensis  effusus. 
Arundo  donax. 
Cypenis  eseulentus. 
Paspalum  dilatatiim. 

Running  Roots, 

Caiduus  arvensis  (not  a  Transvaal  species). 

Seed-throwing  Apparatus, 

Euphorbia  spp. 
Gyuandropsis  pentaphj'lla. 
Oxalis  cornicnlata. 
Ricinus  communis. 
A'^ieia  sativa. 

Flying  Seeds  and  Fruits. 

Conyza  podocephala. 
Oyptostemma  calendulaceum. 
Erigeron  canadensis. 
Gnaphalium  luteo-album. 
Gomphocarpus  fruticosus. 
Populus  alba  canescens. 
Salix  babylonica. 
Sonchus  oleraceus. 
Taraxacum  officinale. 
Tragopogon  porrifolius. 

Tuvihle-weeds, 

Amarantus  albus  (not  yet  found  in  theTransvaal). 
Paiicum  capi^lare. 

Seeds  and  Pieces  of  Stem  carried  hy  Water, 

Andropogon  halepensis  eft'usus. 
Nasturtium  officinale. 
Polygonum  amphibium. 
Polygonum  lapathifolium  maculatum. 

Berries  eaten  hy  Birds, 

Lantana  salvifolia  (?) 
Physalis  minima   {?) 
Rubus  rosaefolius. 
Solanum  nigrum. 
Solanum  pseudo-capsicum. 

Seeds  and  Stems  carried  on  the  feet  of  Water-birds  and  of  froffs 

and  other  Reptiles, 

Elodea  canadensis  (not  found  in  the  Transyaal) 
Wolffia  sp.  (a  native). 
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Small  Seeds  viay  pass  through  Cattle  and  Horses. 

Kraal-weeds,  such  as  the  Pig-weeds  (Amarantiis),  Stink- 
blaads  (Datura),  etc. 

Fruits  (burrs)  and  Seeds  carried  by  Aniwals, 

Agrimonia  eupatoria  capeiisis  (a  native  species). 

Alternanthera  sp. 

Bidens  pilosa  and  var.  leucantlia. 

Cyathula  globulifera. 

Cynoglossum  micrantlium. 

Harpagophytum  procumhcns  (a  native  species). 

iledicago  denticulata. 

Setaria  verticillata. 

Tragus  racemosus. 

Tribulus  terrestris  hispidissimus. 

Xanthiiim  spinosura. 

Xanthium  strumarium. 

Spiny  Fruits  and  li ranches. 

Opuntia  sp. 

B. — Weed  Migration    by  Artificial  Means, 

Roots  and  Seeds  carried  by  Farm  Machinery. 
Cynodon  dactylon. 
Cynodon  incompletus. 
Cyperus  esculentus. 

Seeds  and  Bulbs  Carried  in  Xursery  StocJc. 

Cyperus  esculentus. 

Cyperus  rotundus  (a  weed  at  the  Cape,  not  yet  recorded 
from  the  Transvaal,  but  to  be  expected). 

Weed  Seeds  carried  in  Packing  Material, 

Coronopus  didymus. 

Weed  Seeils  carried  in  Hay  and  Forage. 

Amarantus  spp. 
Brassica  campestris. 
Brassica  nigra. 
Capsella  bursa-pastoris. 
Hypochseris  radicata. 
Raphanus  raphanistrum. 
Sisymbrium  capense. 

Weed  Seeds  carried  in  Commercial  Seeds, 

Phalaris  minor. 
Lithospermum  arvense. 
Polygonum  convolvulus. 
Hypochaeris  radicata. 
Anthemis  cotula. 
Silene  crallica. 
Yaccaria  vulgaris. 


V 
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Cuscuta  trifolii  (Dodder), 
llumex  aoetosella. 
Loliiim  temiilentiiiii. 
Spergula  arveiisis. 
Rumex  crispiis. 

Werd.^  introduced  intentionally  as  vseful  or  ornamental  Plants^ 

and  escaped. 

1.  Farm  escapes. 

2.  Forest  escapes. 

3.  Garden  escapes. 

1. — Farm  Escapes. 

Andropogoii  sorghum  Xeesii. 
A.  —  s.  —  saccharatiis. 
A.  —  s.  —  Schenkii. 
Avena  sativa. 
(iossypiiim  herbaceiim. 
Medicago  sativa. 
Paspahim  dilatatum. 
Pennisetum  spicatum. 
Plileiim  pratense. 
Trifoliiim  hybrid  urn. 
Trifoliiim  pratense  perenne. 
Vicia  sativa. 

2. — Forest  Escapes. 

Acacia  deciirrens. 
Eucalyptus  gh)l)ulus. 
Melia  azedarach. 
Populus  alba  canescens. 
Salix  babyhmica. 

3. — Garden  Escapes. 
Agave  americana. 
Arundo  don ax. 
Cfipsalpinia  sepiaria. 
Cannabis  indica. 
(!eh>sia  crisiata. 
Cosmos  bipinnatus. 
Ervtlirina  caffra. 

« 

Iponuea  purpurea. 

Linaria  vulgaris. 

Mirabilis  jalapa. 

(Knothera  biennis  grandiflora. 

Opuntia  ficus-indica. 

Prunus  persica. 

Ricinus  couimunis  lividus. 

Rubus  rosa»folius. 

Solan um   pseudo-capsicum. 

Tageies  erecta. 

Tragopogon  porrifolius. 
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Xylopleurum  roseum. 
X.  —  tetrapterum. 
Zinnia  pauciflora. 

liaihcay  Weeds. 

Bidens  pilosa  leucantha. 
Dactylocteniiim  segj^tium. 
Leucas  martinicensis. 

lioadside  or  Trek  Weeds. 

Bidens  pilosa. 
Cliloris  virgata. 
Eleusine  indica. 
Tricliolsena  rosea. 

loicpath  Weeds. 

As  we  have  no  canals,  this  mode  of  dissemmination  does 
not  pertain  to  the  Transvaal. 

Considering  the  large  number  of  plants  under  cultiva- 
tion in  gardens,  all  the  world  over,  it  is  remarkable  that  so 
few  of  them  have  become  naturalised  in  the  countries  in  which 
they  are  grown. 

Several  species  occur  in  England  as  casual  garden  escapes, 
but  they  rarely  become  naturalised  so  as  to  be  classed  as  inte- 
gral parts  of  the  flora.  There  are  some  exceptions  to  this  rule, 
as  in  the  case  of  Alyssuin  maritimum,  and  Cochlear  la  arinoracia 
(Horse-radish),  both  met  with,  not  infrequently,  as  spontaneous 
plants  in  England,  and  the  former  well-established  in  Cali- 
fornia. 

Still  less  frequently  do  they  become  troublesome  weeds. 
But  there  are  a  few  notable  exceptions,  as  the  Orange  hawkweed* 
Hieracium  aurantiacum,  which  has  become  such  a  pest  in  the 
North-eastern  United  States;  Lantana  camara,  which  in  the 
Hawaiian  Islands  has  completely  over-run  hundreds  of  acres  of 
what  was  formerly  valuable  plantation  land,  and  the  Sensitive 
plant,  Mimosa  pudica,  which  is  almost  equally  troublesome  in 
Cej'lon. 

In  the  Transvaal,  however,  several  species  show  signs  of 
vigorous  naturalisation  : 

Zinnia  pauciflora  is  already  thoroughly  established  and  has 
degenerated  into  what  is  presumably  its  primitive  form. 

Mirahilis  jalapa,  the  4  o'clock,  is  abundantly  naturalised  on 
vacant  erven  in  Potchefstroom  and  elsewhere. 

Cannabis  indica^  the  Dagga,  is  met  with  as  an  escape  in 
almost  every  town  and  village. 

My  thanks  are  due  to  Dr.  Bolus  for  kindly  identifying  for 
me  some  six  species,  and  to  Mr.  T.  Medley  Wood,  A.L.S., 
Director  of  the  Durban  Botanic  Gardens,  for  having  most  cour- 
teously placed  the  Government  Herbarium  and  its  library  and 
microscopes,  unreservedly  at  my  disposal,  during  a  recent  visit 
to  Durban. 


20.— NOTES  ON  THE  A^EGETATIOX  OF  SOUTIIEKX 

RHODESIA. 

By  R.  Mahlotii,  Ph.D.,  M.A. 

(Plate  XIV.) 

The  following  notes  are  the  result  of  some  observations 
made,  during  a  visit  of  a  few  days*  duration,  in  the  neighbour- 
hood of  Bulawayo  and  in  the  Matopos.  Unfortunately  it  was 
just  the  least  favourable  time  of  the  year  for  botanising  pur- 
poses, viz.,  the  end  of  October,  for  then  the  rainy  season  has 
hardly  commenced,  and  the  greater  part  of  the  vegetation, 
from  the  bulbs  upwards  to  the  large  trees,  is  still  in  a  dormant 
state. 

No  comprehensive  collection  of  plants,  which  could  be 
compared  to  those  of  Drege  or  Ecklon  and  Zeylier  at  the  Cape, 
has  been  made  in  this  region  as  yet,  but  several  travellers  have 
from  time  to  time  sent  home  plants  collected  as  occasion  arose, 
r..(7.,  T.  Baines,  E.  Holub,  the  Rev.  W.  Elliott,  and  Frank  Oates. 
Recently  a  great  increase  in  our  knowledge  of  that  vegetation 
has  been  effected  by  the  collections  of  Dr.  Rand,  and  it  is 
probable  that  another  collector,  viz.,  Mr.  Fred  Eyles,  who  has 
the  advantage  of  residing  in  the  country,  will  continue  to  ob- 
tain further  material. 

The  traveller  from  the  Cape  Colony  who  proceeds  to  Bula- 
wayo by  rail  notices  a  change  in  the  vegetation  soon  after  cross- 
ing the  Orange  River.  Instead  of  the  stunted  bushes  scattered 
about  on  an  otherwise  bare  ground,  as  in  the  Karroo,  lie  sees 
patches  of  grass,  which  gradually  increase  in  size,  and  finally, 
to  the  North  of  Kimberley,  begin  to  form  an  uninterrupted 
grassveld  (steppe).  Scattered  over  this  steppe  are  various 
shrubs  and  trees,  the  latter  consisting  mostly  of  Acacias,  of 
which  two  species  occur  on  the  open  tlat  ground,  viz.,  .1.  (jnaf- 
fac  and  .4.  spiraea rpoides^  and  one  along  watercourses  or  in 
depressions  only,  viz.,  A.  horrida.  Gradually,  as  one  proceeds 
further  north,  the  trees  draw  closer  together,  and  soon  after 
passing  Mafeking  one  finds  oneself  in  real  bush  country — that 
means  to  say,  grassveld  thickly  studded  with  trees  and  shrubs. 
Nearly  fifty  miles  north  of  ^Jafekinj?  the  appearance  of  the 
landscape  changes  ccmsiderably,  for  at  Lobatsi  a  range  of  hills 
has  to  be  crossed,  which  bears  a  different  vegetation.  Most 
ccmspicuous  is  an  arborescent  species  of  Aloe,  with  a  stem 
nearly  a  foot  in  diameter,  and  with  a  crown  of  very  prickly 
leaves,  the  prickles  being  far  more  numerous  and  more  thickly 
set  than  on  the  well-known  Ahn'  fvro.r  in  the  southern  and 
south-eastern  parts  of  the  Cape  Colony. 

Soon  after  passing  the  Lobatsi  range  the  railway  crosses 
the  outskirts  of  the  Kalahari.  That  makes,  liowever,  little 
difference  in  the  general  appearance  of  tlie  vegetati(m.  It  is 
a  grass-steppe  with  numerous  bushes  and  trees,  the  latter  heinsr 
not  quite  as  large  as  further  north.     The  main  reason  for  con- 
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sideling  this  part  of  Bechiianalaiid  as  belonging  to  the  Kala- 
hari is  the  absence  of  open  water.  The  rainfall  is  quite  suffi- 
cient for  supporting  an  ample  vegetation,  but  owing  to  the 
porous  nature  of  the  soil  and  the  absence  of  mountains,  the 
water  sinks  into  the  ground  and  forms  no  springs.  In  the  soil, 
however,  any  (juantity  of  water  exists,  and  wherever  wells  have 
been  made  or  boreholes  sunk  they  have  always  yielded  sufficient 
water. 

THE  CLIMATE  OF   SOUTHERN  RHODESIA. 

As  Bulawayo  is  situated  only  20  degrees  to  the  south  of 
the  Equator,  it  is  obvious  that  its  seasons  must  be  of  a  more 
or  less  tropical  nature.  The  following  tables  of  temperature 
and  rainfall  will  demonstrate  this  to  a  certain  extent. 

1.  Monthly  ininhna  and  inaxiina  of  temperature  at  Bula- 
wayo.— Means  of  4  years. 


Jan. 

Feb. 

Mar. 

Apr.  May. 

June 

July. 

Aug. 

S«pt 

Oct. 

Nov. 

Dec. 

Miuiniuiii 

60.4 

59.1 

68.5 

54.9    47.4 

43.1 

42.1 

46.4 

52  8 

67.6 

60.6 

oo.s 

Maxhnum        

81.5 

78.7 

79.5 

77.1    72.3 

67.2 

69.6 

74.8 

81.1 

86.0 

83.1 

81.9 

2.  Rainfall, — • 


Jan. 

Feb. 

Mar. 

Apr 

May. 

June 

July. 

Aug 

S«pt 

Oct. 

Nov. 

Dec. 

TotaU 

1902    Bulawayo 

6.43 

1.86 

2.37 

I.JO 

0.00 

0.00 

0.00 

0.00 

0.00 

2.22 

5.62 

0.27 

20.57 

1901    MatopoDam.. 

2.48 

2.43 

2.80 

2.62 

00-0 

0.02 

0.00 

0.00 

0.00 

4.00 

8.46 

8.84 
Inc 

26.14 
hen. 

3.  Relative  Humidity  at  Bulawayo, — Monthly  means. 


Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

8«pt. 

Oct. 

Nov. 

Dec. 

1901 

58 

74 

74 

66 

62 

61 

48 

47 

44 

66 

62 

8^ 

1902 

73 

66 

65 

52 

61 

61 

47 

43 

36 

43 

61 

45 

It  will  be  seen  from  the  first  table  that  the  mean  maximum 
of  the  year  occurs  in  October,  and  the  mean  minimum  in  July, 
and  that  consequently  these  two  extremes  are  separated  by  a 
period  of  two  months  only. 

The  rainfall  returns  show  that  there  is  no  rain  in  winter 
and  very  little  only  in  spring.  Consequently,  owing  to  the 
high  temperature  prevailing  at  the  latter  season,  the  relative 
humidity  of  the  air  must  be  very  low  just  during  the  hottest 
part  of  the  year.  This  is  fully  borne  out  by  the  table  given 
above,  for  in  1902  it  was  only  86  in  iSeptember,  4'5  in  October,, 
and  61  in  November,  while  even  December  showed  onlj-  45. 
If  one  considers  that  these  figures  are  the  means  of  each 
month,  it  is  obvious  that  the  vegetaticm  of  this  region  must 
have  a  very  trying  time  just  at  a  period  when,  owing  to  the 

Note, — The  monthly  means  of  temperature  are  not  given  as  they  afford  httle 
information  with  regard  to  the  conditions  under  which  the  plants  live. 
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rise  of  the  temperature,  the  life  of  the  plants  has  the  tendency 
to  restart  its  activity. 

The  extreme  dryness  of  the  air  on  some  days  is  well  illus- 
trated by  the  readings  which  were  obtained  at  the  Meteoro- 
logical Station  at  Bulawayo  during  the  days  of  my  visit  to  the 

district  I  — 

Dry  bulb.     Wet  bulb.     Eel.  hum. 

October  31,  1903,  at  9  a.m.  8^3.5  deg.  60.5  deg.  23  p.c. 
November  1,  1903,  at  9  a.m.  84.5  deg.  60.0  deg.  24.5  p.c. 
November  2  81.2  deg.       61.2  deg.       20.0  p.c. 

November  3  82.0  deg.       61.0  deg.       21.0  p.c. 

These  figures  exceed  anything  observed  in  any  other  part 
of  South  Africa,  even  in  the  Karroo. 

This  extreme  dryness  of  the  air  in  spring,  even  as  late  as 
November,  explains  the  lateness  of  the  period  at  which  most 
of  the  trees  regain  their  foliage  and  the  herbs  come  into  flower. 

THE   VE(iETATI0X. 

There  are  practically  two  formations  only  represented  in 
the  neighbourhood  of  liulawayo,  viz.,  the  steppe  and  the  flora 
of  the  rocky  hills. 

The  Steppe  :  Of  the  various  varieties  of  steppe  occurring 
in  Central  Africa  we  have  here  almost  exclusively  the  wooded 
steppe,  which  changes  its  character  here  and  there  according 
to  the  nature  of  the  soil.  This  difference  of  soil  is  principally 
due  to  the  occurrence  of  three  different  geological  formations, 
viz.,  schists,  granite,  and  sandstone.  Bulawayo  itself  is  situ- 
ated on  a  belt  of  schist  which  is  traversed  by  manj*  quartz 
veins.  To  the  south  and  east  granite  prevails,  the  whole  of 
the  Matopo  district  consisting  of  this  rock,  and  to  the  north 
of  Bulawayo  we  find  sandstone,  which  forms  the  well-known 
landmark  called  Tabasinduna.  As  the  schists  produce  a  stiff 
<day  soil,  while  the  granite  forms  a  gravelly  and  the  sandstone 
a  lifirht  porous  soil,  it  is  obvious  that  these  cdaphic  factors  must 
affect  the  distribution  and  (x^currence  of  many  of  the  plants. 
This  influence,  however,  has  not  been  investigated  as  yet,  for  a 
hurried  visit  of  a  few  days'  duration  is  quite  insufficient  for 
such  a  purpose. 

(jcnerally  speaking,  the  ground  is  covered  everywhere  by 
^rass,  which  grows  to  a  lieight  of  three  or  four  feet.  In  the  begin- 
ning of  summer-  that  means  to  say  generally  from  the  middle 
of  November  —the  plains  are  green  with  verdure,  and  in  the 
grass  many  herbaceous  plants  spring  up,  which,  being  in  pos- 
*se8sion  of  underground  rhizomes,  had  been  able  to  live  through 
the  dry  season  and  to  resist  the  fires  lighted  by  the  natives  at 
the  beginning  of  the  rainy  season  for  the  destruction  of  the 
old  grass.  Only  those  shrubs  and  trees  which  are  able  to  sur- 
vive the  fire,  either  by  possessing  a  bark  which  resists  it  or 
underground  root-stocks  which  produce  new  shoots  every  year, 
have  been  left  in  the  steppe. 
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Specially  numerous  among  them  are  Leguminosae  and 
Combretaeeae.  Of  the  former  we  have  many  Mimosaceae,  as 
well  as  Caesalpiniaceae  and  Papilionaceae.  Of  the  first  of  these 
three  groups  we  find  many  kinds  of  Acacias.  Some  of  them 
are  species  of  a  wide  distribution,  as,  e.g.,  Acacia  Itonida, 
which  is  found  even  in  the  neighbourhood  of  Capetown,  and  A, 
giraffaCy  which  occurs  almost  everj^where  north  of  the  Orange 
River.  Others  are  of  a  more  limited  distribution.  Near  the 
ruins  at  the  Khami  were  several  large  trees,  of  a  species  which 
I  had  not  seen  further  south,  with  a  trunk  at  least  twenty  feet 
high  and  a  head  of  about  sixty  feet  in  diameter.  It  is  very 
similar  to,  if  not  identical  with,  .4.  Abyssinica, 

Among  the  Caesalpiniaceae  are  quite  a  number  of  beauti- 
ful trees,  the  most  common  one  being  the  Mopane  (Cojyaifera 
mopane).  It  is  mostly  scattered  among  the  other  trees,  but  in 
some  parts  it  forms  real  forests.  These  trees  have  a  most  pecu- 
liar appearance  in  spring  when  the  new  foliage  appears,  for  the 
young  leaves  are  brown  or  reddish,  even  when  of  full  size,  and 
i^onsequently  a  Mopane  at  the  beginning  of  summer  looks  like 
a  European  oak  or  beech  in  autumn.  Only  later  in  summer, 
when  the  texture  of  the  leaves  has  become  more  resistent,  they 
assume  their  ordinary  green  colour.  As  the  leaf,  which  has 
the  shape  of  the  footprint  of  a  goat,  measures  several  inches 
in  length  and  width,  it  is  not  surprising  that  every  traveller 
who  crossed  these  regions,  from  Livingstone  to  the  present  day, 
should  have  admired  these  forests. 

There  are  quite  a  number  of  species  of  Bauhinia,  some 
only  a  few  feet  high  or  even  trailing  on  the  ground,  as  B,  reti- 
culata, others  large  shrubs  or  trees.  Cassia  and  Albizzia  have 
also  a  considerable  number  of  representatives.  Among  the 
Papilionaceae  are  several  trees  with  showy  flowers — e.g.,  Pelto- 
phorum  Africanum,  with  yellow  flowers,  and  the  widely-spread 
BurJcea  Africana. 

A  few  only  of  the  many  Combretaeeae  can  be  mentioned 
here,  e.g.,  Combretuia  holosericeum,  Pterocarpus  sericeiiSy  and 
others,  most  of  them,  as  the  names  indicate,  with  silk-haired 
leaves,  a  sign  of  the  xerophilous  climate. 

Among  the  shrubs  of  other  orders  is  the  most  remarkable 
one,  an  undescribed  species  of  Protea.  Although  this  order  is 
one  of  the  largest  in  the  flora  of  South  Africa,  it  is  almost  con- 
fined to  the  south-western  districts  of  the  Cape.  A  few  out- 
liers follow  the  mountain  ranges  of  the  south-eastern  and 
eastern  coasts,  Natal  possessing  three  species  of  Protea,  against 
75  in  the  Cape  Colony.  It  is  also  known  that  a  few  species 
occur  on  the  East  African  mountains,  e.g.,  P.  Jcili viand schanca, 
and  that  one  is  found  in  Abyssinia,  viz.,  P.  abyssinica,  <iuite 
recently  six  new  species  were  discovered  by  Baum  in  the  hinter- 
land of  Mossamedes,  near  the  headquarters  of  some  tributaries 
of  the  Zambesi.  But  in  the  enormous  intervening  region  no 
member  of  this  genus  was  known  to  exist,  and  only  one  repre- 
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sentative  of  the  whole  order  had  been  fouud  quite  recently,  viz., 
Faurca  saligna.  This  tree  yields  the  famous  Terblans  wood, 
and  occurs  at  Knysua  as  well  as  in  the  Matopos  and  on 
the  upper  Zambesi.  The  species  of  Protea  found  here  resembles 
shrubby  forms  of  P,  grand! flora  in  its  habit  to  such  an  extent, 
that  I  thought  it  was  the  same  species  when  I  caught  sight  of 
it  for  the  first  time  from  the  train,  about  15  miles  south  of 
Bulawayo.  Even  the  colour  of  the  foliage  is  the  same  glaucous, 
hue,  and  the  leaves  are.  twisted  at  their  base  in  the  same  waj\ 
in  order  to  point  their  edges  against  the  midday  sun,  as  many 
species  of  Protea  do  at  the  Cape,  particularly  also  P.  grafuli- 
flora. 

Another  isolated  type  from  the  Cape  was  a  species  of 
Gnidia,  but  as  the  Thymelaeaceae  are  not  so  exclusively  south- 
western, its  occurrence  is  less  remarkable.  Am(mg  the  small 
shrubs  were  fairly  common  Zyziphus  vmcronatay  sometimes 
growing  to  the  size  of  a  well-shaped  tree,  Carissa  tomentosa,  of 
the  habit  of  the  more  southern  (\  arduina  and  Greicia  cana, 
which  seems  to  grow  everywhere  between  the  Garib  and  the 
Zambesi.  Conspicuous  in  the  grassy  plains  was  the  beautiful 
Comb  ret  tun  Oatesii,  which  attracted  the  eye  not  only  through 
its  bright  scarlet  flowers  but  also  its  capsules  of  the  same  colour. 
A  species  of  Anona,  viz.,  *4.  sencgalcngi.s,  with  shoots  only  a 
foot  high,  was  just  in  flower,  and  was  said  to  bear  edible  fruits 
(custard  apples).  Trailing  on  the  ground  were  found  Boer^ 
haavia  phinihafjincay  Prctrca  criocarpa,  and  Cassia  arachoides^ 
while  a  few  of  the  herbs  and  shrublets  which  grow  in  the  grass, 
were  just  coming  into  flower,  viz. :  Cleome  pentaphylla,  and 
C,  monophyUa^  Gi/nandropsis  pcntaphi/lla,  Sida  longipes^  Mel^ 
hania  linvarifolia,  Linum  Thunhcrgii^  Monsonia  ovata,  Vahha 
rapensis,  yidttrvlla  namaqucnsisy  H vhchrgsum  sctosunty  a  Wait- 
Icnbcrgia,  and  several  species  of  GoniphovarpuSy  Ccrafostigma 
plantaglnrum,  Witliania  somnifvra,  Aptoainwnn  linearCy  Scsa^ 
inoptcris  pcnfaphi/lla,  a  Justicia,  Laniana  aaJ  viae  folia,  Serieo- 
coma  angustifoliaj  and  Achyranthes  aspera. 

TIIK    HILLS. 

The  Matopos  are  not  a  range  of  mountains,  as  is 
often  thought,  but  they  consist  of  a  broad  granite  belt 
about  thirty  miles  hmg,  which  by  the  forces  of  denudation  and 
erosion  has  been  cut  up  into  thousands  of  granite  hills  and 
hillocks,  varying  in  diameter  from  a  hundred  to  that  of  a  thou- 
sand feet  or  more,  but  hardly  ever  exceeding  a  height  of  400  or 
500  feet.  These  hills  often  consist  of  one  huge  mass  of  granite, 
whose  flanks  may  In*  absolutely  bare  for  hundreds  of  feet,  but 
which  often  carry  boulders  of  all  sizes  and  shapes  on  their 
more  gentle  slopes.  It  is  one  of  these  hills  which  was  named 
by  the  hUe  Mr.  Khodes  the  world's  view,  and  which  now  forms 
his  hist  resting-placo. 

The  flora  of  the  rocky  part  of  the  country  differs  from  that 
of  the  plains  by  being  far  more  varied.     Even  the  rocks  and 
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boulders  are  iiot  really  bare,  although  they  appear  to  be  so 
when  seen  from  a  distance.  They  are  covered  with  thickly-set 
lichens  of  various  colours,  which  show  up  very  brightly  during 
rainy  weather,  when  the  tissues  have  become  filled  with 
moisture. 

Almost  all  the  trees,  shrubs,  and  herbs  observed  in  the 
open  country  occurred  also  on  and  among  the  granite  hills  of 
the  ilatopos,  but  besides  these  there  were  many  other  con- 
spicuous types. 

Between  the  boulders  or  in  the  cracks  grow  several  large 
species  of^  Ficus,  among  them  F.  naialcnsis,  which  occurs  not 
only  in  Natal  but  also  near  Kuruman,  in  Damaraland,  and 
even  in  tlie  Karroo.  Some  other  species  of  Ficus  had  hand- 
some large  leaves,  as  large  as  those  of  the  cultivated  species, 
and  an  Erythrina,  viz.,  E.  latissima,  had  not  less  luxuriant 
foliage,  but  formed,  when  not  so  far  advanced  and  consequently 
just  in  flower,  a  far  more  beautiful  sight,  owing  to  its  large 
bunches  of  scarlet  blossoms.  Not  less  beautiful  was  the 
Khodesian  mahogany  tree,  Afzelia  cuaifzensis  Welw.,  with  its 
shining  green  leaves,  and  racemes  of  red  flowers,  and  the  some- 
what smaller  Dicrostachys^  with  its  purple  blossoms.  Many 
Acacias,  Cassias,  and  Entadas  grew  on  these  rocks,  one  species 
of  Cassia,  viz.,  (\  ahhrcvJata,  bearing  pods  that  were  18  inches 
long.  Very  common  was  also  Elephantorhiza  BurcheUii,  form- 
ing numerous  light  green  patches  on  the  granite. 

The  most  striking  forms  of  vegetation,  however,  were 
the  tree  Euphorbias,  of  which  two  species  occur  in 
tlie  Matopos,  while  only  one  of  them,  viz.,  E.  Reinhardtii 
Volk\  was  noticed  on  the  hills  near  Bulawayo  and  in  similar 
localities  near  the  railway  line  as  far  south  as  Francistown. 
The  same  species  occurs  also  at  Natal,  evidently  having  a  wider 
range  than  any  of  its  African  allies.  The  other  species,  with 
somewhat  drooping  branches,  has  been  identified  as  E.  onqu^ 
laris  Klotzscli.  Associated  with  it  was  mostly  a  very  tall  Aloe, 
with  a  stem  15  feet  high,  forming  a  most  conspicuous  object  here 
as  well  as  between  the  ruins  at  the  Khami.  Of  smaller  succulents 
I  might  mention  that  I  saw  cmly  one  other  species  of  Aloe  of 
the  stemless  form,  one  Kalanchoe,  one  Crassula,  and  one  Sta- 
pelia.  The  latter  formed  large  groups  on  some  of  the  granite 
slopes,  but  neither  of  these  plants  being  in  flower,  their  identifi- 
cation will  have  to  wait  until  the  specimens  which  I  am  culti- 
vating produce  flowers  or  until  someone  else  collects  them  at 
the  proper  season. 

Of  other  smaller  plants  I  must  not  omit  to  mention 
Vcllozin  retlnervis^  for  it  behmgs  to  a  family  mostly  occurring 
in  Brazil,  but  having  a  few  representatives  in  tropical  and  sub- 
tropical Africa.  The  plants  might  be  described  as  miniature 
grass  trees,  for  the  stem  is  only  a  couple  of  feet  high,  bearing 
a  buncli  of  grass-like  leaves  at  the  ends  of  the  branches,  from 
which  also  the  blue  flowers  arise. 
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Here  also  grew  numerous  shrublets  of  the  verj'  remarkable 
Myrotliamnus  flabellifolia.  This  genus  has  flowers  of  such  a 
peculiar  structure  that  it  had  to  be  placed  into  an  order  by 
itself,  viz.,  Myrothamnaceae,  which  consists  of  two  species  only. 
The  shrub  is  biologically  very  interesting,  for  it  forms  a 
kind  of  resurrection  plant.  In  winter  the  shrublets,  which 
form  fairly  large  patches  on  the  hills  of  the  Matopos,  look 
quite  brown.  They  have  not  dropped  their  leaves  at  the  be- 
ginning of  the  dry  season  as  so  many  other  trees  and  shrubs  of 
this  region  do,  but  they  have  simply  folded  them.  In  that 
state  the  leaves  last  through  the  dry  season,  looking  quite 
withered  and  dead,  but  when  the  rain  has  filled  the  air  with 
moisture,  they  unfold,  exhibiting  again  their  bright  green 
surface. 

The  valleys  between  the  hills  were  covered  with  high  grass, 
and  scattered  over  the  grassy  plains  were  various  trees  and 
shrubs,  particularly  Acacias,  the  so-called  Kaffir  orange 
(Strychnos),  Parinarimn  viobola,  and  some  specially  fine  speci- 
mens of  the  Fa  urea  saligna^  some  of  them  being  40  feet  high, 
with  a  trunk  of  20  inches  in  diameter.  Here  also  the  Protea 
grew  more  luxuriantly  and  helped  to  form  a  most  interesting 
association  of  plants. 

Among  numerous  Leguminosae  and  Combretaceae,  over 
which  the  Cissus  (C.  Marlothii  Gilg.)  from  the  forest  region  as 
well  as  the  leafless  Sarcostemma  climb,  and  on  which  numerous 
Loranthus  display  their  gorgeous  flowers,  grow  tree  Euphorbias 
and  arborescent  Aloes,  side  by  side  with  the  Protea  and  Faurea 
from  the  typical  Cape  flora.  The  Stapelia,  one  of  the  most 
prominent  Karroo  types,  hides  itself  in  the  shade  of  the  repre- 
sentative of  the  Brazilian  A^elloziaceae,  and  in  a  pool  at  the 
foot  of  this  cliff  stand  the  blue  stars  of  the  common  African 
water  lily  (Xymphaea  .steUata).  In  the  grass  near  the  water's 
edge  are  numerous  plants  of  a  small  Drosera  and  several  species 
of  Lobelia,  and  in  a  sandy  patch  close  by  the  gorgeous  flowers 
of  Gloriosa  supcrha  and  a  dwarf  custard  apple.  Xot  far  from 
it  occurred  the  almost  cosmopolitan  Ophioglo.^snm  vxdgatum, 
and  in  a  hollow  formed  by  some  boulders  and  overhanging 
rocks  the  royal  fern  (Osmunda  rcgalis),  growing  most  luxuri- 
antly to  a  height  of  6  feet,  while  some  rocks,  kept  moist  by  a 
constant  drip  from  above,  were  covered  with  groups  of  Strepto- 
carpus. 

These  observations,  although  of  a  very  limited  character, 
will  show  that  this  part  of  Rhodesia  belongs  to  the  large  floral 
kingdom  of  central  and  sub-tropical  Africa.  Many  genera 
and  even  some  species  are  identical  with  those  of  Angola  and 
Central  Africa  on  the  one  side  and  with  others  from  Bechuana- 
land,  the  Transvaal,  Xatal,  and  even  the  south-eastern  Cape 
Colony  on  the  other  side,  but  there  are  only  very  few  repre- 
sentatives of  the  real  Cape  flora  and  the  Karroo. 
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explanation  of  plate  xiv. 

Vegetation  in  the  MatojMjs. 

The  large  tree  is  Faurea  stdignn,  to  the  left  of   it  are  shnibs  of  Protea.  in 
the  centime  Acacias,  on  the  right-hand  side  a  Kaffir  orange  tret\ 
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By  S.  Schonlaxd,  Hon.  M.A.  (Oxon.),  Ph.D.,  F.L.S.,  C.M.Z.S. 

Apart  from  traders  passing  to  and  from  Lake  N'gami,  the 
part  of  the  Kalahari  which  I  visited  in  company  with  Dr.  J.  B. 
Greathead  in  September,  1903,  has  been  rarely  visited  by  white 
people.     We  went  by  rail  to  Palapye  Road  Station,  then  by 
waggon  almost  due  west  38  miles  to  Serowe,  and  proceeded  on 
the  road  to  Lake  N'gami,  nearly  50  miles  in  a  north-westerly 
direction,  as  far  as  M'moonve  pit.     Fnmi  there  we  penetrated 
westwards  into  the  Kalahari  for  a  distance  of  about  24  miles. 
Our  trip  was  purposely  undertaken  in  the  dry  season,  as  our 
object  was  to  procure  skins  of  some   large    animals,   especially 
Eland,  for  the  Albany  Museum  and  the  Ignited  States  National 
Museum.     We  were  successful  in  our  main  object,  but  though 
the  season  was  most  unfavourable  for  biological  observations^ 
and  though  our  movements  were  regulated  by  the  exigencies, 
of  the  cliase,  and  the  time  very  limited,  we  were  able  to  collect 
a  few  other  interesting  Natural  History  and  Ethnological  ob- 
jects, and  to  make  a  few  observations  which,  though  small  in 
number,  suggested  scmie  problems  in  Natural  History,  Ethno- 
logy, and  other  subjects,  with  which  I  will  deal  briefly  to-day. 
If  I  ran  manage  it,  I  hope  to  follow  up  my  last  trip  at  no  dis- 
tant (late,  and  thus  perhaps  be  able  to  contribute  towards  the 
solution  of  these  problems;  but  I  shall  be  amply  repaid  if  my 
papiM'  helps  to  direct   the  attention  of  competent  observers  to 
the  Kalahari,  the  least  explored  part  of  South  Africa  at  the 
present  time.     It  aiVords  an   immense  field  of  exploration  for 
the  Anthropologist,  the  Botanist,  the  Zoologist,  the  Geologist, 
and  the  Meteorologist. 

The  average  altitude  of  the  country  we  traversed  from 
Palapye  Road  Station  is  about  3,700  ft.,  nearly  as  much  as  the 
neighbourhood  of  the  country  round  Kimberley.  At  Serowe  it 
was  actually  3,700  ft.,  twenty-five  miles  further  north  the  road 
had  risen  (as  indicated  by  my  aneroid)  to  about  4,100  ft.,  at 
M'moonve  it  was  3,500  ft'.,  14  miles  further  west  it  was  4,90Q 
ft.:  from  there  it  fell  about  400  ft.  in  the  next  12  miles.  These 
figures,  which  are  only  approximate,  show  you  that  the  country 
generally  is  greatly  undulating.  In  addition  to  these  more  or 
less  gentle  undulations  of  the  general  surface  of  the  country, 
there  are  numerous  hills  from  the  neighbourhood  of  Serowe  on- 
wards to  beyond  M'moonve,  some  of  which  are  characteristic 
table  mountains  rising  abruptly  from  the  plain.  The  soil  ia 
mostly  of  a  sandy  nature. 

The  chief  rainfall  occurs  in  summer,  and  must,  as  a 
rule,  be  very  copious.  The  result  is  a  wcmderf ully  rich 
vegetation,  quite  unlike  what  one  would  expect  in  a 
so-called  desert.  I  may  remind  you  that  in  the  North  African 
deserts  the  rainfall  is  restricted  to  the  winter  and  early  spring,. 
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so  that  few  plants  ran  flourish  during  the  pitiless  heat  of  the 
summer. 

From    Mafeking    to    the    furthest    limit    of    our  trip  we 
travelled  tlirough  nothing  but  richly-wooded  country.     In  the 
<lesert  the  trees  were,    perhaps,    as  a    rule    somewhat    further 
apart,  and  not  quite  so  high,  but  their  character  did  not  change. 
It  is  true  some  species  were  found  (mly  in  limited  areas,  but  no 
apparent  reason  could  be  assigned  for  these  facts  of  distribu- 
tion, to  which  further  attention  should  be  devoted  at  a  seascm 
when  the  trees  are  in  foliage  and  flower,  so  that  they  can  be 
readily  determined.     I  could  not  recognise  many  of  the  trees, 
as  I  saw  them  only  in  their  winter  garb,  without  leaf,  flower, 
and  fruit.     Of  those  which  I  could  locate  in  the  natural  sys- 
tem, several  species  of  Bauhinia,  to  which  the.  dry  leaves  of  last 
year's  growth  still  clung,  showed    in    most    artistic    variegated 
colours.       Besides   these,   tliere   were   a   number  of   species   of 
Acacia,  some  Covibret^ceac,  some  Stcrculiaccac,  a  tree-Kuphor- 
bia,  but  no  palms,  and  the  Baobab  was  also  absent.     A  species 
of  Rhigozum  and  two  species  of  Strychtufs  were  very  common, 
and  the  former  when  in  flower    brightened   up    tlie    landscape 
considerably.     A    few   Stapelias    were    noticed  along  the  road, 
one   of  them   the    foul-smelling   Camlluma    hit  en,   wliidi    also 
occurs  near  Kimberley.     An  arborescent  Aloe,  reaching  about 
12  ft.  in  height,  was  not  uncomnnm,  especially  on  the  tops  of 
some  low  hills.     There  were  also  found  three  other  Aloes,  two 
of  which  {A.  Greatheadii  and  .1.  hoDiangwatenais)  have  already 
proved  to  be  new  to  science.       Of  these  Aloes  none  formed  a 
conspicuous    feature    of    the    vegetation.       There    was    a    fine 
Kalanchoe  fairly  common,  but,  apart    from    these,    succulents 
were  absent.     Various  kinds  of  Loranthneeae  presented  tliem- 
selves  on  the  trees.     There  were  also  remains  of  Cueurhlfaeene, 
and  judging  from  the  collections  made  by  C'apt.  Lugard,  some 
of  which  we  have  in  the  Albany  Museum,  fine  bulbous  plants 
must  be  rather  common.     There  was  everywhere  an  abundant 
growth  of  grass,  which  belonged  mainly  to  the  genera  A n/ho- 
pagan  and  Aristida,  and  which  seemed    to    be    identical    with 
species  which  ai-e  well  known  from    the    Transvaal    and    else- 
where.    I  will  not  dwell  further  on  the  vegetation,  for  I  had, 
as  previously  remarked,  no  opportunity    of    studying    it    thor- 
oughly, although  what  we  saw  gave  one  a  good  impression  of  its 
general  character,  and  confirmed  the  general  idea  that  it  forms 
with  the  greater  part  of  the  flora  of  the  Transvaal  a  well-defined 
botanical  region,  which  has  been  called  the  Kalahari   region. 
It  is  a  pity  this  name  has  been  geneially  accepted,  as  n  region 
should  not  be  called  by  its  poorest    portion,    and    the    greater 
part  of  the  Kalahari   is  much   poorer  even   than   the  part   we 
visited.     I  wish  we  could  change  it  into  **  South  African  Park 
Region,"  for  the  general  resemblance    of  the    country    to    an 
Eufirlish  Park  is  very  striking,  with  its  trees  dotted  about  every- 
where and  its  luxuriant  growth  of  grass. 
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<an  races  very  well,  would  never  have  expected.  His  people, 
although  they  have  adopted  the  veneer  of  European  civilisa- 
tion, live  very  much  the  same  kind  of  lives  as  their  forefathers 
did,  if  allowance  is  made  for  some  altered  circumstances,  espe- 
cially the  influence  of  religious  teaching,  and  the  absence  of 
tribal  wars,  which  they  owe  to  the  protection  of  the  British 
Crown.  The  construction  of  their  huts,  the  laying  out  of  the 
villages  with  the  Khotla  near  the  Chiefs  residence,  the  deal- 
ing out  of  justice  to  ordinary  offenders,  the  tilling  of  the  fields, 
and  many  other  things  are  very  much  the  same  as  in  the  time 
of  Burchell,  mrire  than  70  years  ago.  Altogether  the 
Bechuana  tril>es,  as  far  as  I  know  them,  have  proved  most  con- 
servative in  many  of  these  matters,  though  a  change,  which 
is  not  always  for  the  better,  is  gradually  coming  over  them, 
probably  due  to  the  influence  of  the  railway,  which  runs  right 
through  their  territory.  I  was  told  that  at  Serowe  (though 
not  at  Mochudi)  the  making  of  the  l)eautiful  pots  for  which  the 
Bechuana  tribes  are  famous,  is  gradually  dying  out,  and  is  now 
ontirelv  done  bv  the  Makalakas  at  Serowe.  I  have  never  seen 
the  making  of  these  pots,  but  I  was  fortunate  in  witnessing 
the  burning  of  some,  and  was  astonished  to  find  that  this  was 
done  in  a  brisk  open  fire  on  a  wind-swept  spot.  Every  day 
one  sees  at  Serowe  hundreds  of  women  carrying  these  pots 
gracefully  on  their  heads  on  their  way  to  and  from  the  water, 
but  already  there  is  a  good  sprinkling  of  paraffin  tins  amongst 
them,  and  for  cooking  purposes  iron  pots  are  rapidly  taking 
their  place.  This  is  a  good  thing  for  the  traders  and  the  Euro- 
pean manufacturer,  but  a  sad  sight  for  anybody  who  is  in- 
terested in  the  handicrafts  of  primitive  people.  I  could  say  a 
great  deal  more  about  the  liamangwatos,  but  very  little  that  is 
iwvr.  I  will  only  refer  to  one  matter  with  which  we  became 
acquainted.  The  Kev.  Mr.  Willoughby,  until  recently  Kesi- 
<lent  Missionary  at  Serowe,  and  who,  by  the  way,  is  brimful  of 
interesting  information  on  these  people,  which  only  somebody 
who  is  in  their  ccmfidence  could  obtain,  and  which,  I  hope,  he 
will  soon  be  induced  to  publish,  told  us  that  there  ai*e  numerous 
walled  enclosures  in  the  country,  enclosing  the  sites  of  former 
Bamangwato  stadts  and  which  to  this  day  they  keep  secret  from 
Europeans.  We  never  saw  any  of  these,  but  Dr.  Greathea<l 
happened  to  come  across  two  ancient  Bamangwato  settlements 
on  two  low  hills  near  M'moonve,  which  I  subsecjuently  visited. 
They  proved  to  me  that  without  doubt  the  country  must  have 
lH»en  much  better  watered  in  former  times,  and  <'onse(iueiitly 
must  have  been  more  habitable  than  it  is  now.  It  remains, 
however,  to  be  investigated  whether  this  condition  of  things 
existed  only  for  a  certain  period,  or  whether,  as  is  frequently 
assumed,  this  territory,  as  South  Africa  generally,  is  under- 
going a  marked  and  steady  process  of  desiccation.  There  are 
weighty  reasons  against  the  latter  assumption,  though  it  is 
very  generally  adopted.     On  the  sites  of  these  two  settlements 
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we  found  innumerable  bits  of  pottery  of  the  same  type  as  the 
pottery  made  to  this  day,  large  numbers  of  stone  implements, 
especially  scrapers  and  knives  ;  and  I  happened  to  find  a  small 
stone-bead  which  is  of  the  same  type  as  the  digging  stones  of 
the  Bushmen,  with  double  bell-shaped  perforation.  Khama  told 
me  expressly  that  his  people  used  to  make  such  beads,  other- 
wise 1  would  have  ascribed  it  to  Bushmen.  There  were  also 
numerous  ostrich-shell  beads,  some  still  without  perforation. 

I  have  already  incidentally  mentioned  that  there  are 
Makalakas  at  Serowe,  where  they  reside  in  fairly  large  num- 
bers. Their  presence  is  due  to  the  fact  that  in  former  years 
they  found  a  safe  refuge  among  the  Bamangwatos  from  the 
attacks  of  the  Matabele,  who  drove  them  out  of  their  more 
northern  homes.  They  are,  like  the  Bamangwatos,  Bantus, 
and  their  language  is  said  to  be  closely  allied  to  Sechuana.  or 
as  our  Makalaka  cook  expressed  it,  **  It  is  Sechuana  but  not  like 
it."  At  M'moonve  we  made  the  acquaintance  of  a  third  tribe, 
who  spoke  quite  a  different  language.  Spoken,  as  it  was,  by 
men  and  women  alike  in  a  high-pitched  voice,  it  sounded  at  a 
distance  somewhat  like  the  croaking  of  our  South  African 
frogs  or  sometimes  like  the  cackling  of  hens.  However,  when 
spoken  quietly,  eg.,  in  answer  to  our  miestions,  which,  of 
<'ourse,  had  to  be  translated  first  into  Kaffir,  then  into  Sechu- 
ana, which  these  people  understood,  but  as  a  rule  did  not  speak, 
it  was  not  unmelodious,  though  full  of  soft  clicks.  In  appear- 
ance, as  you  will  see  from  my  photographs,  many  of  them  could 
be  matched  amongst  any  Bantu  tribes,  though  there  are  differ- 
ences which  become  apparent  only  on  closer  acquaintance. 
Their  limbs  are  more  slender  than  in  Bantus,  tlie  forehead  is 
wrinkled  even  in  young  children,  the  breasts  of  the  women  are 
poorly  developed.  Th,e  height  of  the  men  was  on  an  average 
about  5  ft.  6  in.,  but  one  was  5  ft.  0  in.  high.  Kough  measure- 
ments of  their  well-formed  heads  did  not  differ  materially  from 
that  of  a  Kaffir  who  was  with  me.  The  average  height  of  the 
women  was  4ft.  Sin.  They  carry  themselves  with  an  easy 
grace.  In  general  behaviour  they  are  gentle.  The  men  are 
unsurpassed  as  spoorers,  and  their  powers  of  endurance  are 
scarcely  creditable.  These  people  were  introduced  to  us  by 
our  Bamangwato  hunters  as  Masaras — they  themselves  called 
themselves  ilagwaras.  I  knew,  of  course,  that  by  Masara  the 
Bechuanas  designate  the  Kalahari  Bushmen,  but  though  the 
Kalahari  Bushmen  are  generally  known  to  be  much  taller  than 
the  Colonial  Bushmen,  I  could  not  see  the  slightest  racial  re- 
semblance between  these  people  and  the  Colonial  Bushmen  of 
whom  I  have  been  fortunate  to  see  a  few  in  former  years,  and 
of  whom  I  have  seen  numerous  illustrations.  I  will  say  at 
<mce  that  it  seemed  to  me  that  these  people  had  a  large  admix- 
ture of  Bantu  blood,  and  that  they  cannot  be  looked  upon  as 
typical  specimens  of  the  Kalahari  Bushmen,  though  Dr. 
Nobbs,  who  had  just  returned  from  the  S.W.  Kalahari  when  I 
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lumped  together  by  the  public  and  by    that    class    of    writers 
who  have  blessed  us  with  such  a  large  flood  of  books  on  South 
African  travels,  in  which  usually  the  greater  part  is  taken  up 
with  such  difficulties  as  waggon-travelling  in  the  interior  in- 
variably brings  forth,  and  with  hunting  adventures.     We  still 
want   a   competent   anthropologist    to   give    us   an   exhaustive 
treatment  of  what  can  still  be  known  of  these  marvellously  in- 
teresting representatives  of  primitive  mankind  which  have  been 
lumped  together  as  Bushmen.       It  is  a  pity  that  Fritsch  did 
not  penetrate  beyond  the  Bamangwato  capital,  and  thus  missed 
the  opportunity  of  acquiring  information  about  the  Masnras  at 
first  hand.     As  far  as  I  know,  only  one  traveller,  Mr.  Andrew 
A.  Anderson,  has  clearly  expressed  the  opinion  that  there  are 
several  kinds  of  Bushmen.     In  his  "  Twentv-five  Years  in  an 
Ox  Waggon  "  (London,  1888;  p.  218)  he  states  that  there  are 
four  types  of  Bushmen  in  the  Kalahari — the  first,  very  wild 
and  only  rarely  met  with,  has  no  forehead  and  half  wool  and 
hair  on  their  bodies.     The  second  is  the  wild  Bush  men  who  li\e 
in  the  mountains  near  the  Orange  River,  who  war  on  all  men, 
but  are  of  good  form,  without  hair.     The  third  is  the  Masara 
Bush  family,  also  of  good  proportions  and  of  gentle  disposition, 
inoffensive  and  harmless,  ready  to  help  and  do  <myihins?,  Ihey 
make  good  servants.     The  fourth  (by  which  he  probnbly  means 
the  Bakalahari,  which  are  generallv  looked    up<m    as   an    im- 
poverished liantu  tribe)  is  much  taller  and  vv?ll  formed,  jrrcal 
rascals  who  cannot  be  trusted  with  anything.       They  inhabit 
the  eastern  portion  of  the  desert  and  down  by  the  Lanorberg. 
The  Bushmen  of  the  Northern  Kalahari  are  much  the  same  as 
the  Masara,  but  he  adds,  and  he  speaks  from  personal  know- 
ledge, cvcrif  one  quite  distinct  from  the  Drahensherg  Bushmen, 
'ichose  form  and  colour  differ  entirely  from  the  others^  which  I 
belie  re  to  be  a  distinct  race. 

As  I  am  writing  these  notes  I  am  ignorant  of  the  arraii^e- 
ments  wliich  have  been  made  for  the  reception  and  entertain- 
ment of  the  Ihitish  Association  next  year,  but  I  think  their 
visit  could  be  utilised  for  bringing  this  and  similar  questions 
to  a  successful  issue.  If  sufficient  inducement  were  held  out  to 
them,  there  will  be  a  chance  of  prevailing  upon  some  of  the 
])est  anthropologists  of  the  world  to  tackle  such  problems,  and 
I  would  suggest  that  at  various  centres  where  a  longish  stay 
is  made,  representatives  of  the  various  tribes  be  collected  to- 
gether for  investigation.  Thus  in  Cape  Town  we  could  have 
Ilottentots  and  Bushmen  from  the  south-western  Kalahari : 
in  Johannesburg,  no  doubt,  numerous  Bantu  tribes  and  some 
remnants  of  the  Drakensberg  Bushmen  could  be  collected  to- 
gether; in  Kimberley,  Bulawayo,  or  some  other  centre  along 
the  line  to  the  Victoria  Falls,  the  tribes  from  the  eastern  and 
jiorth-eastern  Kalahari  could  be  represented.  If,  in  addition 
to  this,  the  various  museums  would  combine  to  exhibit  in  one 
centre    their    osteological    material,    the  bait    would    be    over- 
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wheliniiigly  tempting  for  any  European  or  American  anthro- 
pologist who  conhl  join  in  the  \'fsit.  The  expense  would  be 
inconsiderable,  and  no  doubt  the  various  Governments  and 
Xative  Chiefs  would  help,  and  thus  an  opportu-nity  could  no 
doubt  be  utilised  which,  \*^ith  the  changes  that  oonfltantly-  take 
place  amongst  the  natives  with  advancing  civilisation,  will 
never  occur  again.  ' 
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ever,  was  a  ripe  female  got.  This  was  one  of  684  specimens^* 
brought  up  in  tlic  trawl  from  about  100  fpis^,  14  miles  oft'  Cap^ 
Point.'  [        '. 

Tlie  eggs  procured  were  clear,  homogeneous,  and  floated 
on  the  surface  of  the  water  in  whicji  they  were  placed.  They 
were  of  a  fairly  uniform  size,  ranging  from  1.15  to  1.06  mm.^ 
the  oij  globule,  which  was  yeJU)w  or  red  in  colour,  beijig.from 
.29  ;to  .;2T  miu.  The  vitelline  membrane  was  thick  (about  .02 
mm.),  and  marked  in  a  vei*;v*  distinctive  manner.  In  some  cases 
the  markings  appeared  to  be  separate  dots  only,  but  these  were 
seen  in  many  to  be  connected  bv  fine  hyaline  lines,  so  as  ta 
form  polygonal  markings  on  the  surface  of  the  egg.  The  dots 
themselves  were  seen  under  a  higher  power  to  be  small  con- 
necting piUars  between  tlie  outer  and  inner  surface  of  the  vitel- 
line membrane.  On  another  occasion,  while  trawling  39  miles- 
oft*  Cape  Point  in  310-500  fathoms  of  water,  one  ripe  female- 
out  of  145  specimens  of  ^f(l(•run^s  parallclus  was  found.  The 
eggs  proved  to  be  of  exactly  the  same  general  cliaracter  as  those- 
of  ^/ .  ftisciatus,  but  somewhat  smaller  in  diameter. 

There  is  a  peculiar  problem  in  connection  with  the  eggs  of 
deep-sea  fishes.  It  is  well  known  tliat  when  brought  up  from 
great  depths  deep-sea  animals  suffer  considerable  damage  from 
the  great  difference  of  pressure.  "With  the  exception  of  some 
eels,  which  for  a  few  minutes  retained  some  sign  of  life,  all 
the  deep-sea  fishes  procured  by  the  Pictcr  Fame  were  quite 
dead  when  brought  on  deck.  Where,  then,  are  the  eggs  de- 
posite<iy  If  they  float  to  the  surface  will  they  not  suft'er  the 
same  fate  as  the  fishes?  To  settle  this  point  it  is  of  import- 
ance to  examine  the  tow-nettings  for  any  eggs  similar  to  those- 
above  described.  During  the  time  the  Pictcr  Faurc  was  en- 
gaged in  deep  watei-  work  olf  Cape  Point  none  of  the  surface^ 
tow-nettings  were  found  to  contain  any  eggs  at  all  correspond- 
ing to  these,  but  on  four  occasions  one  or  two  eggs  procured  in 
the  t(>w-net  attached  to  the  beam  trawl  exliibited  all  the  charac- 
teristics described  above.  The  polygcmal  markings  were  ver>' 
distinct,  as  well  as  the  connecting  columns.  They  were  pro- 
cured at  a  distance  of  from  tS  to  47  miles  off  Cape  Point,  in 
depths  ranging  from  91  to  about  1,000  fathoms.  They  varied 
fiom  1.07  to  1.15  mm.  in  diameter,  with  one  oil  globule  from 
.25  to  .3  mm.,  measurements  which  are  so  similar  to  those  of 
the  eggs  of  Macrurus  foscifitus  that  there  is  no  reasonable  doubt 
but  that  they  belong  to  this  flsh.  The  manner  in  which  they 
weie  i)rocured  seems  on  the  whole  to  point  to  the  fact  that 
their  natural  place  of  occurrence  is  at  or  near  the  bottom  of 
the  sea.  As  against  this  suppositicm,  however,  we  have  to  bear 
in  mind  that  the  eggs  when  procured  from  the  ripe  female 
floated,  and  that  the  bottom  net  was  not  a  closing  <me.  Neither 
of  these  considerations  are  ccmclusive,  however,  as  the  fish 
from  whicli  the  eggs  were  procured  had  been  brought  up  from 
a  depth  at  which  there  must  have  been  great  pressure,  and  the^ 
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eggs  under  these  new  conditions  of  diminished  pressure  might 
Hoat.  Again,  as  against  the  second  objection,  we  have  to  con- 
sider that  on  none  of  the  four  occasions  in  which  the  eggs  were 
procured  were  any  found  in  the  surface  tow-net  which  was  in 
use  at  the  same  time.  Tlie  question  can  only  be  satisfactorily 
settled  by  the  use  of  a  closing  net. 

The  eggs  of  a  very  common  fish,  the  ^'  Panga  ^'  (Pagnia 
laniavixis,  C.  and  V.)  have  been  procured  from  the  female,  but 
later  stages  have  not  been  observed.  They  vary  from  .9-i  to 
1.02  mm.  in  diameter,  and  ctmtain  a  single  oil  globule  .19  mm. 
in  diameter. 

The  ripe  eggs  of  Stromafeus  iHicmchirus,  Bonap.  have  been 
secured  and  fertilized.  They  contain  several  oil  globules,  and 
vary  from  .<S1  to  .85  mm.  in  diameter.  The  larva  is  short  and 
stumpy. 

On  one  occasion,  while  trawling  in  False  Bay,  a  ripe  male 
and  female  of  the  **  Horsefish ''  {Agriopua  sp'nnfci,,  Giinth.) 
were  found,  and  fertilized  eggs  secured. 

A  deep-sea  fish  which  was  procured  proved  to  be  the  adult 
of  Catitrtij.v  Mc.^sicri.  The  eggs  were  mature,  and  curiously 
enough  were  of  the  deep  red  colour  characteristic  of  many  deep- 
sea  animals.  The  most  note  wort  liy  feature  was  the  presence  o£ 
embryos  amongst  the  eggs,  thus  proving  that  the  fish  is  vivi- 
parous. 

The  eggs  of  another  fish  were  procured  in  fair  abundance,, 
and  when  hatched  out  proved  to  be  those  of  a  Scomhrc$o,ry 
specimens  of  which,  in  various  stages  of  development,  were 
f(>und  in  tow-nettings  along  with  them.  The  eggs  did  not, 
however,  have  the  peculiar  filaments  characteristic  of  those  of 
SroinhrvstKV  saunis,  which  is  reported  to  occur  in  South  African 
waters,  but  had  merely  a  number  of  minute  dots  closely  placed 
over  the  whole  surface  of  the  egg. 
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Before  commencing  any  description  of  the  stock  in  use  on 
the  Central  Soutli  African  Railways,  it  is  as  well  to  give  a 
general  statement  of  the  conditions  obtaining  on  these  lines 
which  govern  the  system  of  working. 

These  conditions  are  in  many  respects  unusual,  and  are 
more  nearly  like  those  obtaining  in  America  than  those  to  be 
met  with  in  Great  Britain. 

The  lines  are  of  3  ft.  6  in.  gauge,  the  original  permanent 
way  consisting  of  rails  weighing  60  lbs.  per  yard,  with  some 
52  lbs.  section  in  places.  They  are  of  the  '"  vignoles  "  typo,  laid 
on  steel  or  wooden  sleepers.  Ballast  is  on  an  average  good  and 
plentiful. 

The  80  lb.  rail  is  now  taking  the  place  of  the  60  lb.  in  the 
main  lines.  The  grades  are  lieavy,  varying  from  1-100,  which 
will  be  the  standard  for  new  main  lines,  to  1-50,  which  is  com- 
mon on  old  main  lines  in  the  Transvaal ;  curves  are  sharp,  and 
there  is  very  little  level,  and  passenger  traffic  is,  therefore,  of 
necessity  slow. 

The»traffic  is  principally  long-distanced,  and  consists  largely 
t)f  general  goods  and  machinery  for  the  mines,  which  can  be  run 
in  lartre  loads  in  high-capacity  trucks. 

There  is  a  heavy  coal  traffic  to  the  mines  and  to  the  Cape; 
most  mines  now  have  coal  stages,  permitting  the  use  of  hopper- 
bottomed  trucks. 

There  is  a  certain  amount  of  local  traffic  which  must  1  o 
accommodated  in  4-wheel  trucks. 

Enough  4-wheeled  trucks  were  found  on  the  lines  to  meet 
local  traffic,  but  they  are  of  bad  design  and  suffer  badly  from 
contact  with  the  heavier  bogie  stock :  under-frames  and  buffing 
gear  have  to  be  strengthened:  weight,  usually  5^  to  6  tons; 
load,  11  to  12  tons. 

While  the  lines  were  still  under  military  administration 
it  was  seen  that  more  stock  would  be  required,  and  it  was  de- 
f^ided  without  delay  to  order  improved  vehicles  more  suitable  to 
the  traffic,  and  orders  were  accordingly  placed  for  two  types — a 
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liigh-sided  steel  bogie  of  60,000  lbs.  capacity  and  a  tare  of 
30,500  lbs.,  and  a  pressed  steel  coal  Hopper-bottomed  car  of 
60,000  lbs.  capacity  and  a  tare  of  29,600  lbs.  The  first  were 
built  in  England  and  the  second  in  America.  The  latter  trucks 
were  very  rough  and  cheap,  but  have  so  far  given  no  trouble 
and  have  every  appearance  of  lasting  well. 

Almost  before  these  arrived  it  was  seen  that  they  would 
not  meet  demands,  and  orders  were  placed  for  1,250  more  bogie 
cars.  Tlieir  capacity  was  at  the  same  time  raised,  1,000  being 
of  structural  sections  with  a  capacity  of  70,000  lbs.  and  a  tare 
of  30,200  lbs.,  while  the  last  250  were  of  pressed  steel,  with  a 
capacity  of  70,000  lbs.  and  a  tare  of  29,200  lbs.  As  the  number 
of  hopper  stages  increased  an  additional  number  of  hopper 
vehicles  were  indented  for,  100  being  of  structural  sections  and 
150  of  pressed  steel,  having  a  capacity  of  85,000  lbs.  and  a  tare 
of  36,500  lbs.  The  percentage  of  paying  load  to  tare  has  thus 
been  increased  from  66  per  cent.,  in  the  case  of  Z.A.S.M.  stock, 
to  77  per  cent.,  in  the  later  type. 

As  it  is  thought  we  can  improve  still  further  on  these 
figures,  and  as  it  has  been  found  that  there  is  very  little  deflec- 
tion even  with  a  load  of  100  tons  put  in  with  vehicles  only 
bolted  up,  it  is  now  proposed  to  build  a  wagon  with  a  capacity 
of  85,000  lbs.  and  a  tare  of  32,000  lbs.,  so  designed  as  to  carry 
a  load  of  100,000  lbs.  where  the  80  lb.  rail  permits  an  increase. 
In  anticipation  of  an  increase  of  local  traffic,  other  designs 
for  4-wheel  stock  have  been  prepared,  with  tare  of  15,500  lbs., 
and  load  43,500  lbs. 

Passenger  traffic  is  of  two  kinds  long-distance  through 
traffic  and  local  or  suburban  traffic. 

The  stock  in  hand  during  the  military  regime  consisted  of 
short  4-wheel  coaches  of  little  value  and  some  100  bogie  coaches 
of  various  patterns  up  to  55  feet  in  length,  the  weight  of  these 
coaches  worked  out  roughly  for  accommodation  to  about  1,500 
lbs.  per  passenger. 

While  still  a  military  concern,  a  number  of  modern  bogie 
coaches,  60  feet  in  length,  with  all  possible  conveniences,  such 
as  electric  light  and  fans,  hot  and  cold  water  baths,  steam  heat, 
full  vestibules,  etc.,  were  ordered,  as  well  as  some  55  coaches 
for  local  service. 

It  is  interesting  to  know  that  theai^  vehicles  have  been  much 
admired  by  English  experts  and  are  sure  to  increase  the  comfort 
of  travelling  in  South  Africa. 

To  provide  for  traffic  along  the  Rand,  a  number  of  sub- 
urban coaches  with  side  doors  were  ordered,  with  60  ft.  frames 
and  bodies  9  ft.  1  in.  wide  ovei*  mouldings,  and  trains  consisting 
of  day,  buffet,  and  baggage  cars  for  the  Pretoria-Johannesburg 
service  were  arranged  for,  and  are  now  under  weigh.  The  side- 
door  coaches  carry  as  many  passengers  as  eiorht  old  Z.A.S.M. 
shorts,  and  weigh  about  1,000  lbs.  per  seat. 
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Of  miscellaneous  vehicles,  50  coaches  for  conveyance  of 
Kaffirs  have  been  ordered,  and  the  old  stock  of  cranes  has  been 
increased  and  improved  by  the  provision  of  one  20-ton  hand 
crane,  four  15,  two  10,  and  four  5-ton  cranes. 

All  stock  is  fitted  with  vacuum  brake,  and  all  new  passenger 
vehicles  with  automatic  couplings. 

It  is  natural  that  the  increase  of  traffic  should  have  thrown 
a  heavy  strain  on  the  locomotive  stock,  and  the  chief  trouble 
has  been  under  this  head.  Some  340  locomotives  of  some  12 
different  designs  formed  the  stock  with  which  the  railways 
started  work  as  a  system ;  not  one  of  those  designs  could  be  called 
satisfactory  in  respect  of  power.  The  tractive  force  of  the 
Netherlands'  and  Free  State  engines  was  19,000  lbs. 

The  first  engines  to  be  obtained  were  six  Australian  tank 
engines  then  available  in  Great  Britain,  and  some  Khodesian 
and  Cape  7th  class  locomotives  were  put  to  work  of  a  tractive 
force  of  about  20,000  lbs. 

These  were  followed  by  15  of  the  much-debated  *'  Reid  "  10- 
wlieel  coupled  engines,  tractive  force  34,000  lbs.,  and  whatever 
may  be  said  of  these  engines,  no  one  can  deny  that  they  saved 
the  situation,  and  rendered  possible  an  immense  improvement 
in  the  goods  and  coal  services.  Without  them,  I  am  afraid  to 
say  what  would  have  been  the  result ;  it  is  interesting  to  note 
that  they  take  the  same  load  that  was,  up  to  their  arrival, 
hauled  by  two  of  the  original  classes,  and  so  far  no  later  engine 
has  exceeded  them  in  tractive  force. 

There  was  every  appearance  of  traffic  developing  rapidly, 
and  a  further  20  Reid  engines  were  obtained,  as  well  as  40  8th 
class — an  excellent  goods  type,  of  a  tractive  force  of  28,000  lbs. 

When  the  Civil  Government  took  over  the  lines,  60  more 
8th  class  were  added  to  the  stock.  In  the  beginning  of  1903 
the  question  of  passenger  engines  began  to  be  discussed;  8  tank 
engines  and  4  passenger  engines  were  ordered,  and  it  is  probable 
that  these  two  latter  classes,  with  the  8th  class,  which  they 
duplicate  in  most  particulars,  will  represent  the  three  standard 
desicrns  for  60  lb.  rail. 

Subsequently  the  question  of  increasing  the  weight  of  rail 
came  under  discussion,  and  designs  for  engines  to  take  full  ad- 
vantage of  the  80  lb.  rail  have  been  worked  out,  and  35  engines 
are  under  construction    of  a  tractive  force  of  nearly  39,000  lbs. 

It  is  interesting  to  note  that  the  latest  Central  South  Afri- 
can Railways  goods  and  passenger  engines  have  higher  tractive 
force  thun  any  English  engine  at  work  up  to  six  months  ago. 

To  the  great  progress  of  the  science  and  economics  of  com- 
munication do  we  mainly  owe  the  extraordinary  advancement 
of  our  South  African  Colonies  durinjr  the  last  few  years,  and 
to  continued  improvement  of  communications  must  we  look  for 
a  large  measure  of  the  successes — agricultural,  industrial,  or 
minincr  -to  be  achieved  in  the  srreat  future  undoubtedly  re- 
served for  these  communities.     We  must  look  to  the  economics 
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of  haulage  and  the  aims  which  science,  as  well  as  human  endea- 
vour and  intellect,  can  give  us  to  attain  those  results  best  calcu- 
lated to  serve  all  and  every  national  and  personal  interest  of  the 
future. 

The  battle  of  the  gauges  so  keenly  fought  has  for  the  pre- 
sent been  settled  for  South  Africa.  Are  we  doing  the  best  we 
can  with  what  has  been  passed  down  to  us:  if  not,  how  far  can 
we  gof  In  my  review  I  propose  to  confine  myself  to  an  outline 
of  thej)rogres8  of  economical  haulage  in  t he \ wo  new  Colonies, 
in  which,  however,  we  are  working  hand  in  hand  with  our 
neighbours  towards  a  common  result.  I  will  leave  aside  for  the 
moment  the  question  of  ilie  haulage  of  passengers,  to  treat  of 
the  more  important  subject  of  the  liaulage  of  goods.  The  eco- 
nomical haulage  of  goods  depends  mainly  upon— 

Ist.      Tlie  capacity  of  the  locomotive  engine. 

2nd.     The  dimensions  and  tare  of  the  wagons. 

•h'(\.     The  nature  of  the  design  of  the  railways. 

4th.     The  interest  payable  on  capital. 

The  Locomotive  Engine  is  the  decisive  factor  in  all  the 
others.  Prior  to  the  war  the  power  of  tlie  locomotives  of  these 
railways  was  equal  on  a  1  in  100  grade  to  about  500  gross  short 
tons.  During  and  since  the  war  tlie  capacity  has  been  increased 
to  about  T'iO  tons,  and  with  the  engines  now  on  order  the  gross 
load  will  reach  1,000  tons,  resulting  in  the  producticm  for  a 
•5  ft.  6  in.  gauge  of  a  machine  equal  in  power  to  any  standard 
gauge  engine  ordinarily  employed  in  goods  traffic  on  the  rail- 
ways of  Great  Britain.  With  tliis  machine  it  would  seem  that 
our  limit  has  been  readied  for  our  gauge,  for  the  centre  of 
gravity  cannot  go  liigher.  We  liave  now  exceeded  in  this  re- 
spect the  safe  limit  of  twice  tlie  gauge.  Possibly  the  load  may 
be  increased  by  the  use  of  double  engines  of  **Fairlie'\)r*'Kitson- 
ileyer"  type  to  more  than  the  1,000  tons,  but  we  have  reaclie<l 
the  limit  for  one  driver  and  fireman.  The  engine  weighs  some 
1'50  tons,  and  to  work  it  efficiently  demands  a  rail  of  at  least 
80  lbs.  to  the  yard,  with  an  increased  number  of  sleepers;  so 
much  for  the  governing  factor.  All  other  charges  are  de- 
pendent upon  it,  and  their  improvement  or  alleviation  will  from 
time  to  time  ^x  the  lowest  rate  at  which  a  ton  can  be  hauled 
one  mile.  That  what  seems  to  be  our  limit  in  engine  power 
should  have  been  reached  is  i)erhaps  not  consolatory,  but  that 
it  should  have  been  attained  so  (juickly,  by  doubling  our  power 
in  less  than  five  years,  and  reaching  on  a  narrow  gauge  such  a 
high  standard,  is  a  matter  for  ccmgratulation,  and  deserving 
recogniticm  of  the  merits  of  our  locomotive  engineers  and 
management.  It  shows  that  the  capacity  of  our  lines  on  the 
basis  of  our  old  power  can,  without  doubling  any  lines,  be  in- 
creased 100  per  cent,  in  the  future,  thus  leavincr  «  large  margin 
for  gradual  development  to  that  standard,  with  ever-increasing 
economy  of  haulage. 
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Goods  Stock. — ^When  the  railways  of  the  new  Colo- 
nies were  taken  over  the  bulk  of  the  goods  wagons  weighed 
«bout  6  tons,  and  carried  about  12,  constructed  mainly  of  built- 
up  steel  frames  with  wooden  bodies.  During  and  since  the  war 
^  carrying  capacity,  equal  in  tonnage  to  what  existed,  has  been 
added.  The  new  stock  has  been  entirely  steel,  29,000  lbs.  to 
<;arry  60,000;  31,000  to  32,000  to  carry  70,000;  and  35,000  to 
carry  86,000. 

There  has  not  been  a  very  noticeable  increase  in  the  pro- 
portion of  dead  weight  to  carrying  capacity,  but  manifold  ad- 
vantages in  haulage  have  accrued.  The  load  of  the  latest  type 
of  engine  on  a  1  in  100  grade  will  approximate  1,000  gross 
tons.  With  the  old  stock  55  wagons  would  have  been  necessary, 
some  1,200  feet  in  length  of  train  andi)n  220  wheels,  the  dead 
weight  reaching  some  330  tons.  With  the  new  stock  some  19 
wagons  would  be  necssary,  of  a  length  of  about  650  feet  and 
on  76  wheels,  the  dead  weight  reaching  300  tons.  Leaving 
aside  the  difficulty  of  maintaining  an  efficient  vacuum  on  the 
brakes  of  55  wagons,  consider  the  economy  of  curve  and  grade 
resistance,  maintenance,  and  repairs,  can  it  be  denied  that  the 
results  will  not  all  tend  towards  efficient  train  service  and  eco- 
nomical haulage  in  the  future? 

So  much  for  the  general  details  of  our  improvements.  Now 
for  the  principles  by  which  we  have  been  and  are  being  guided, 
and  the  reasons  for  this  doubling  of  tractive  power  and  trebling 
of  the  capacity  of  goods  wagons.  The  results  attained  are 
such  as  to  give  confidence  as  to  the  future  possibility  of  eco- 
nomical haulage,  in  so  far  as  train  load  is  concerned.  There 
are  two  further  points  to  consider,  which  also  influence  to  a  cer- 
tain degree  the  ultimate  success.  Geographical  distance  does 
not  necessarily  mean  the  cheapest  route.  We  must  and  will  see 
in  a  thorough  examination  of  the  relative  rise  and  fall,  curve 
and  resistance,  and  climatic  condition  what  the  value  of  our 
haulage  is  by  the  dift'erent  routes. 

The  Nature  and  Design  of  the  Railway  is  one  of  the 
factors  in  haulage  not  to  be  lightly  considered. 

Finally,  we  have  the  question  of  the  interest  on  capital, 
depending  upon  two  factors — first,  the  cost  of  our  works  in  situy 
dependent  upon  economical  methods  and  the  price  of  labour; 
second,  the  cost  of  our  materials.  Rails  and  their  accessories 
are  a  fixture,  but  I  am  not  at  all  certain  that  we  may  not  look 
to  economies  in  the  cost  of  our  rolling  stock.  We  have  larprely 
adopted  pressed  steel  stock.  It  would  appear  to  me  that  insuffi- 
cient attention  has  been  paid  to  the  construction  of  steel  trucks 
straight  from  the  rolls  or  dies — namely,  the  possibility  of  their 
being  assembled  whilst  still  hot.  Going  even  further  it  is  im- 
practicable to  imagine  the  assembling  of  frames  and  sides  in  a 
heated  condition  in  such  a  manner  as  to  obviate  the  necessity 
of  excessive  rivetting.  The  hubs  of  our  spoked  railway  wheels 
formerlv  necessitated  the  formation  of  some  20  welds.       The 
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latest  process  presses  the  entire  spoked  hub  whilst  still  hot  in 
one  process  without  a  single  weld.  Similarly  with  locomotives 
it  would  seem  that  the  application  of  similar  principles  might 
lead  to  economies  in  the  construction  of  tenders. 

Gentlemen,  the  title  of  my  few  remarks  would  have  in- 
ferred dry  details  of  the  improvements  to  our  rolling  stock  in 
South  Africa,  but  these  improvements  are  bound  up  with  the 
principles  of  economic  haulage,  which  I  have  roughly  outlined 
to-day  in  order  to  show  you  the  lines  on  which  these  railways 
are  working;  on  their  success  will  depend  to  a  large  extent 
the  development  of  the  industries  of  South  Africa. 

Railway  rates  may  be  necessarily  used  for  taxation.  On 
this  matter  I  have  no  comments  to  make,  but  it  surely  behoves 
us  to  use  every  scientific  endeavour  to  carry  our  goods  at  the 
lowest  possible  figure,  laying  thus  on  the  governing  power  the 
duty  of  lowering  such  rates  for  the  general  benefit  ana  develop- 
ment of  the  country. 

In  addition  to  our  policy  of  high  development  of  goods 
carrying  capacity,  we  have  been  rightly  called  upon  to  improve 
our  passenger  services.  Our  local  inheritance  in  passenger  car- 
riages was  not  a  rich  one.  To-day,  however,  with  the  standards 
adopted,  our  railways  will  be  enabled  to  compare  more  than 
favourably  as  to  passenger  stock  with  any  lines  in  the  railway 
world. 

These  are  not,  however,  economies,  except  in  the  induce- 
ment to  travel,  which,  \n  so  far  as  our  own  lines  are  concerned, 
has  amply  justified  our  expenditure. 

Gentlemen,  it  has  not  been  possible  for  me  to  go  into  the 
details  of  improvement.  On  each  and  every  heading  I  have 
mentioned,  much  might  have  been  said  coverinor  a  wide  area  of 
scientific  engineering  inquiries.  It  will  perhaps  be  possible 
for  some  of  our  many  eminent  Railway  engineers  to  amplify  my 
poor  outline  of  progress  at  some  future  meeting.  In  fact,  k 
duty  remains  with  them,  for  I  feel  sure  that  much  of  the  future 
success  of  this  portion  of  our  Empire  is  inextricably  bound  up 
with  the  question  of  the  economical  and  scientific  treatment  of 
railwav  communication. 
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PABTICILARS  OP  WAGONS. 


Lbs.  Load 

Railway. 

CUss. 

Capucitf. 

Tare. 

per  Lb. 
Tare. 

BoaiE. 

CS-A.R. 

HiKl.  SWed.    Stnictiiral  Section     -.. 

60,1100 

^,600 

■2.<a 

G.S.R. 

High  Sided       

67,200 

^.080 

1.70 

C.S.A.B. 

Coal  Hopper.    Steel,  Aiueriean  build 
HiKl.  Si^^       ...          

60,000 

28,lO(i 

2.13 

O.C.R. 

67,200 

30,900 

2.17 

M.R. 

HJRh  Sided       

67.-2f>0 

29,300 

2.3» 

C.R. 

Hish  Sided        

87,200 

38,600 

■2.U 

C.S.A.R. 

Miitli  Sided.    Structural  Saction      ... 

70,000 

30,26N 

2.21 

C.aA.R. 

C<wl  Hoiiper.    Structural  Section   ... 
Hi«h  Sided.    Prwsed  Steel 

85,000 

n9,80N 

2.13 

C.S.A.R. 

70,1100 

29.100 

2.41) 

N.E.R. 

Call  Hopper 

89,600 

36,ao<i 

2.47 

caA.R. 

Coal  Hopper.     Pressed  Slee! 

B5.000 

36^500 

2.33 

P.R.R. 

Coal  Hop|)er     

100,i«0 

3B,00« 

2.SB 

C.S.A.R. 

Coal  Hopper.    (ProiKwed)     ... 

10fi.rj00 

3S,0OII 

2,83 

P.  &  L.E. 

Gondola 

90,000 

aa-vio 

2.68 

C.8.A.R. 

High  Sided.  (Proixwed  tor  80-lb.  RaU) 

SlIOBTS. 

100,000 

35,(KMi 

2.86 

I.S.R. 

HiKli  Sided       

36,960 

16,80«l 

■2S 

O.N.R. 

High  Sided       

44,800 

18,480 

2.43 

O.W.R. 

High  .«Jded       

44,S(in 

19.040 

2.36 

C.S.A.R. 

High  Sided.    (Proposed)       

W,000 

16,500 

2.83 

24.— DIAMOND  DRILLING; 

PROSPECTING  BY  DRILLS. 

By  G.  a.  Denny. 

(Plates  XT.— XXVIII.) 

It  has  fallen  to  the  lot  of  the  writer  to  present  to  this 
Association  some  notes  on  the  operation  of  prospecting  by  the 
aid  of  machine  drills. 

Machine  drills  for  prospecting  purposes  have  become  a 
recognised  media  for  the  prosecution  of  research  in  the  hidden 
deptns  of  the  earth,  whether  the  object  of  that  research  be 
purely  scientific,  as  in  the  Nile  borings,  or  whether  for  the 
more  sordid  purpose  of  locating  metalliferous  and  other  deposits 
of  economic  value  as  in  the  gold  and  other  prospecting  borings 
in  the  Transvaal.  The  employment  of  prospecting  drills  for 
the  collection  of  purely  scientific  data  is,  however,  quite  infini- 
tesimal in  degree  when  compared  with  its  range  of  application 
to  the  more  sordid  and  practical  ends  named,  and  I  will  there- 
fore confine  my  remarks  to  this  subject  from  the  latter  aspect. 

The  practice  of  drilling  to  great  depths  has  been  only  com- 
paratively recently  in  general  vogue.  Before  the  year  1870,  so 
far  as  the  writer  is  aware,  no  borings  to  greater  depths  than 
250  ft.  had  been  attempted.  The  industrial  activity  in  the 
coal  region  of  Pennsylvania,  however,  induced  the  search  for 
the  continuation  of  coal  seams  known  to  be  outcropping  at 
distant  points,  and  as  a  consequence  the  first  deep  drill  hole  was 
projected  and  carried  successfully  through.  The  depth  of  this 
first  deep  hole  was  slightly  over  750  ft.  The  engineer  who  de- 
signed the  machine  and  tools  for  this  work  was  the  late  M.  C. 
Bullock,  of  Chicago,  a  man  who  played  an  important  part  in 
solving  the  engineering  problems  of  drilling  until  his  death  in 
1899,  and  whose  name  is  a  household  word  in  every  mining 
community.  The  writer  was  privileged  to  intimate  acquaint- 
ance with  Mr.  Bullock,  and  embraces  this  opportunity  of  men- 
tioning his  name  as  the  pioneer  of  deep  diamond  drilling. 

Systematic  prospecting  by  drills  is  not  equally  applicable 
to  all  classes  of  deposit.  For  the  purposes  of  this  paper  these 
latter  may  be  divided  into  the  following  classes:  — 

1.  Stratified  Deposits. 

2.  Irregular  Deposits. 

3.  Alluvial  Deposits. 

Of  all  deposits  found  in  nature,  the  most  consistently  regu- 
lar are  those  included  in  the  category  of  stratified  deposits, 
principally  for  the  reason  that  the  matrix  at  least  was  formed 
at  the  same  time  as  the  enclosing  rocks,  and  is  indeed  inseparable 
from  them.  This  form  is  typified  by  coal  measures,  ironstone 
bands,  oil-bearing  strata,  etc.,  in  all  parts  of  the  world,  and  is 
specially  represented  in  the  Transvaal  by  the  auriferous  conglo* 
merate  beds. 


Diamond  Dbillixg.  333 

or  igneous  origin,  in  the  former  as  infiltrations  or  exfiltrations, 
and  in  the  latter  frequently  as  segregations. 

Alluvial  deposits  represent  the  geologically  recent  erosion 
fragments  of  more  ancient  rocks,  and  are  from  their  nature  less 
permanent  than  the  other  deposits  named. 

From  a  prospecting  standpoint  there  can  be  no  question 
that  the  diamond  drill  is  of  greater  general  application  in  de- 
posits of  the  first  class  named  than  in  deposits  of  the  second  or 
third  class  mentioned,  for  the  reason  that  stratified  deposits 
cover  greater  areas;  have  more  permanent  relationship  to  the 
general  stratigraphy;  and  are  more  regular  in  character.  It 
follows,  therefore,  that  the  establishment  of  a  valuable  deposit 
at  any  point  within  a  sedimentary  area  of  given  horizon,  indi- 
cates the  probability  of  meeting  with  similar  conditions  at  other 
points  within  that  area,  and  therefore  a  wide  field  is  opened 
for  the  systematic  application  of  the  diamond  drill. 

It  is  otherwise  with  irregular  deposits.  These  are,  as  the 
name  implies,  precarious  both  as  to  location  and  value.  They 
may  be  rich  and  approximately  regular  in  one  description  of 
rock,  and  commercially  valueless  in  an  adjoining  rock  of  a 
different  class.  In  such  cases  no  defined  programme  of  drilling 
over  large  areas  is  warranted,  although  in  restricted  Ipcalities 
the  diamond  drill  may  be  invaluable  in  locating  rich  bunches 
or  pockets. 

In  alluvial  deposits  the  drill  will  locate  the  extent  and 
direction  of  a  deposit  already  known,  but  the  generally  patchy 
nature  of  the  alluvial  does  not  satisfactorily  lend  itself  to  a  pro- 
gramme of  drilling  over  wide  and  unknown  areas. 

The  obvious  deduction  from  the  foregoing  remarks  is  that 
the  conglomerates  of  the  Transvaal  are  peculiarly  favourable 
subjects  for  exploitation  by  diamond  drill,  and  the  immense 
ranire  of  boring  operations  in  this  country  proves  that  engineers 
have  not  been  slow  to  avail  themselves  of  the  special  facilities 
offered. 

In  the  early  history  of  the  Witwatersrand  there  was  natur- 
ally a  legitimate  conservatism  amongst  leading  engineers  on  the 
subject  of  the  permanence  of  the  conglomerate  deposits,  as 
although  deposits  which  the  writer  believes  to  be  of  similar 
nature  had  been  worked  in  the  Black  Ilills,  Dakota,  U.S.A., 
there  was  very  little  general  experience  as  to  their  character. 

Consequently  the  idea  of  prospecting  the  deeper  levels  by 
diamond  drills  suggested  itself  as  a  method  of  proving  the  con- 
tinuity of  the  conglomerates,  and  in  1895  the  first  deep  bore- 
hole was  located  about  5,000  feet  south  of  the  Main  Reef  outcrop 
in  the  Meyer  and  Charlton  Mine.  The  average  dip  in  the  upper 
workings  of  the  Meyer  and  Charlton  is  45  degrees,  and  the 
difference  in  level  between  the  borehole  site  and  the  reef  outcrop 
is  approximately  120  feet  lower  in  the  case  of  the  former.  A 
continuous  dip  of  the  reef  throughout  would  have  necessitated 
boring  a  hole  4,880  feet  in  depth.       Fortunately,  however,  the 

Irregular  deposits  may  occur  either  in  rocks  of  sedimentary 
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inclination  of  the  beds  becomes  less  in  depth,  and  the  South 
Reef  was  struck  at  about  3,150  feet,  or,  correcting  for  level  at 
3,270  feet,  which  shows  the  average  angle  assumed  by  a  line 
drawn  through  the  outcrop  and  the  point  of  reef  intersection  to 
be  about  33  degrees,  which  indicates  that  the  angle  of  dip  in  the 
vicinity  of  the  borehole  does  not  probably  exceed  25  degrees. 

The  results  obtained  from  this  borehole  were  returned  as 
follows :  — 

Thickness. 

South  Beef         ...         ...         5  in. 

Main  Reef         ...         ...       15  ft. 

North  Reef        ...         ...         6  in. 

Other  important  boreholes  followed  at  different  points  along  the 
Witwatersrand,  and  pioneered  the  way  for  the  innumerable 
holes  since  put  down.  Amongst  the  pioneer  boreholes  may  be 
mentioned  the  following:  — 


Value. 
9.75  dwts. 
1.00  dwts. 
15.42  dwts. 


Vicinity. 

Property. 

Distance 

from 
Outcrop. 

Depth 

to 
Reef. 

Width 

of 
Reef. 

Assay  Values. 

8    Miles    East    of 
Johannesburg 

Rand  Victoria  ... 

Ft. 
4,100 

Ft, 
2,343 
2,391 

Inches. 

13 

9 

Dwts. 
23.8 
23.8 

2    Miles    West    of 
Johannesburg 

Crown  Deep 

1,200 

828 
895 
904 

18 
18 
54 

11.5 

275.0 

10.0 

18  Miles   West  of 
Johannesburg 

Lancaster 

1 ,370 

748 
784 

3 

30 

1'26.7 

27.8 

22  Miles    East  of 
Johannesburg 

Chimes  Mines  ... 

4,340 

1,738 
1,754 

4 

36 

14.0 
16.0 

The  generally  favourable  results  obtained  from  these  bore- 
holes— which  included  a  length  on  the  reef  of  approximately  40 
miles — set  for  ever  at  rest  any  doubt  as  to  the  permanence  of 
the  conglomerates  in  depth. 

The  writer  attempted  the  preparation  of  a  complete  list  of 
important  bon^holes  for  inclusion  in  this  paper,  but  found  it  im- 
possible to  secure  the  necessary  data  owing  to  the  fact  that  the 
publication  of  such  information  did  not  at  present  commend 
itself  to  some  of  the  firms  interested. 

GENERAL  OBJECTS  OF  DRILLING. 

The  first  object  of  diamond  drilling  is  to  secure  from  the 
selected  position  a  true  section  of  the  rocks,  minerals,  metals, 
etc.,  which  together  make  up  the  formation.  The  diamond 
drill  secures  this  to  the  operator  by  its  capabilitv  of  boring  a 
continuous  annular  groove  in  rocks  of  any  hardness,  leaving 
centrally  within  the  grove  a  solid  section  or  core  of  the  rock 
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passed  through,  which  core  is  dislodged  and  removed  to  sur- 
face by  suitable  appliances.  The  diamond  drill  bores  straight, 
smooth  holes  at  any  angle  from  vertical  to  horizontal,  and  may 
be  used  either  on  surface  or  under  ground.  It  will,  in  quicK 
time  and  at  comparatively  low  cost,  prove  the  thickness,  value 
— to  some  degree — and  extent  of  a  deposit,  much  more  cheaply 
than  can  be  done  by  any  other  means,  and  is,  in  fact,  a  prelimi- 
nary to  the  operation  of  development  through  shafts  and  drifts. 

From  the  core  produced  by  the  drill  an  estimate  can  be 
made  of  the  cost  of  shaft-sinking  per  foot,  and  the  total  cost  to 
the  horizon  sought.  Its  use  enables  the  engineer  who  is  en- 
gaged in  deep  level  mining  to  fix  with  certainty  the  depth  at 
which  the  first  cross-cut  may  be  started  from  the  shaft  to  tlie 
reef,  and  thereafter  cross-cutting  and  sinking  can  go  forward 
uninterruptedly. 

If  the  information  as  to  the  horizon  of  the  reef  be  not  de- 
finitely settled,  then  there  is  danger  of  miscalculating  the  depth 
of  reef,  owing  to  possible  faulting  or  change  in  the  dip  of  the 
formation,  in  which  case  cross-cuts  started  out  to  cut  the  reef 
in  an  estimated  position  may  prove  to  have  been  so  much  work 
and  capital  thrown  away.  The  data  secured  by  preliminary 
boring  enables  the  engineer  to  figure  closely  on  the  hoisting  and 
pumping  requirements,  and  will  also  indicate,  if  more  than  one 
hole  is  sunk,  the  existence  of  faults  of  magnitude  which  will 
have  to  be  considered  in  the  subsequent  development  of  the 
mine. 

The  present  practicable  range  of  diamond  drilling  may  be 
placed  at  6,000  feet  vertical  depth.  At  greater  depths  than  this 
the  practical  difficulties  of  mining  and  the  time  and  expense 
involved  in  development  and  equipment  place  anv  but  deposits 
of  unusual  recularity  and  richness  outside  the  pale  of  probable 
profitable  working. 

I  propose  in  the  following  pages  to  divide  my  subject  into 
three  main  sub-divisions,  namely :  — 

1.  The  principal  types  of  drills. 

2.  The  operation  of  the  diamond  drill. 

3.  The  cost  of  drilling. 

THE  PRINCIPAL  TYPES  OF  DRILLS. 

Prospecting  machine  drills  may  be  divided  into  two  great 
classes,  namely :  — 

1.  Rotary  Core  drills. 

2.  Percussive  drills. 

Rotary  drills  are  most  commonly  employed  in  the  search  for 
mineral  and  metalliferous  deposits  or  horizons,  and  percussive 
machines  are  generally  used  in  seeking  water,  oil,  and  such-like 
strata. 

The  rotary  class  may  be  sub-divided  into  two  sections, 
namely :  — 

1.  Diamond  cutting  bits. 

2.  Steel  cutting  or  chipping  bits. 
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Of  these  the  diamond  cutters  are  largely  in  the  majority. 

The  original  drilling  machine  was  equipped  only  with  steel 
cutters,  which  were  useful  in  the  softer  formations,  but  were 
quite  unable  to  penetrate  the  harder  varieties  of  rock.  In  course 
of  time  the  hardest  substance  known  was  successfully  applied  to 
rock  penetration,  and  gradually  the  diamond  cutter  took  prece- 
dence over  all  other  forms.  In  the  early  stage  of  drilling  the 
practice  was  to  secure  large  cores  of  the  strata  penetrated,  the 
first  diamond  drills  having  been  designed  to  cut  cores  up  to  24 
inches  in  diameter.  But  as  the  demand  for  carbonados  grew,  so 
proportionately  the  price  per  carat  advanced,  and  in  order  to 
keep  within  reasonable  cost  it  became  necessary  to  reduce  the 
number  of  carbonados  employed,  which  also  reduced  the  dia- 
meter of  the  cores. 

The  price  of  boring  diamonds  30  years  ago  ranged  from  20s^ 
to  25s.  per  carat,  and  the  highest  price  known  to  the  writer  in 
recent  years  was  280s.  per  carat,  in  1896.  The  price  subse- 
quently fell  to  about  160s.  per  cart,  but  has  again  risen,  the  pre- 
sent ruling  rate  for  first  quality  Brazilian  carbonados  beings 
3008.  per  carat,  or  say  fourteen  times  higher  than  the  average 
price  30  years  ago. 

The  diameters  of  core  as  cut  to-day  vary  with  the  depth  of 
the  hole.  If  a  hole  is  designed  to  reach  a  depth  of  5,000  ft.,  the 
first  1,000  ft.  is  bored  big  to  permit  of  clearance,  and  the  hole 
is  gradually  reduced  in  diameter  as  the  work  proceeds.  The 
average  diameter  of  a  core  from  a  depth  of  5,000  ft.  would  be 
somewhat  as  follows  :  — 

From  immediate  surface  and  to  50  ft.  in  depth,  3^  to  4  in.  core. 
From        50  ft.  to  1,000  ft.  2J  in.  core. 

From  1,000  ft.  to  2,000  ft.  2  3-16  in.  core. 

From  2,000  ft.  to  5,000  ft.  1|  in.  to  If  in.  core. 

The  hole  bored  will  in  each  case  be  wider  by  that  amount 
grooved  out  by  the  cutting  face  of  the  boring  bit,  and  may  be 
taken  as  1  in.  greater  than  the  core  diameter. 

For  shallow  holes  the  core  diameter  may  only  be  1  in.  For 
holes  ranging  between  1,000  and  3,000  feet,  the  upper  sec- 
tions of  the  hole  are  bored  sufficiently  large  for  clearance,  but 
the  final  diameter  will  not  exceed  1^  in. 

A  power  drilling  machine  consists  essentially  of  three  parts,, 
namelv :  — 

1.  The  Engines. 

2.  The  Feed. 

3.  The  Hoisting  Apparatus. 

The  larger  sized  machines  of  the  well-known  makes  of  dia- 
mond drill  are  ^nerally  fitted  with  duplex  vertical  engines^ 
each  maker  having  some  special  point  of  difference  in  design. 
Substantially  the  engine  mechanism  is  the  same  in  all  makes, 
excepting  in  the  smaller-sized  machines,  in  which  engines  of  the 
trunk  piston  type  are  sometimes  employed. 
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The  engines  connect  direct  to  a  main  drive  shaft,  which 
rotates  the  drill  rods  by  means  of  bevel  gears,  and  operates  the 
hoisting  drum  by  means  of  a  spur  wheel  and  pinion  arrange- 
ment. The  engines  may  be  driven  either  by  steam  or  com- 
pressed air,  but  the  former  is  most  generally  used.  Special 
machines  operated  by  electric  motors  are  also  supplied  for  par- 
ticular places. 

The  '"  feed  "  device  of  a  diamond  drill  may  be  stated  as  that 
particular  means  by  which  the  cutting  bit  is  automatically 
for(»ed  forward  as  the  rods  are  rotated.  The  most  important 
varieties  are  the  following  :  — 

1.  The  Gravity  Feed. 

2.  The  Friction  Feed. 

3.  The  Positive  Feed. 

4.  The  Hydraulic  Feed. 

The  gravity  feed  is  the  simplest  of  the  feed  devices,  and  is 
only  applied  in  modern  designs  to  hand  diamond  drills.  The 
only  mechanism  involved  in  its  application  is  a  suitable  connec- 
ti(m  to  the  drill  rods,  by  means  of  which  additional  weight  can 
be  brought  to  bear  on  the  cutting  bit.  Its  usefulness,  even  in 
hand  power  drills,  is  limited  to  rocks  of  the  lower  scales  of  hard- 
ness. 

The  friction  feed  is  applied  by  some  makers  to  hand 
machines,  and  the  smaller  sized  power  machines,  one  of  which, 
built  by  the  Sullivan  Co.,  is  illustrated  in  Plate  XVII. 

The  friction  feed  consists  substantiallv  of  a  system  of 
differential  gearing,  driven  by  friction  instead  of  positive  action. 
Th<*  driving  power  from  the  drill-spindle  to  the  counter-shaft 
is  transmitted  through  leather  washers  on  either  side  of  a  loose 
upper  counter-shaft  gear.  In  feeding,  the  gear  and  washers  are 
pressed  against  a  collar  below  them  on  the  counter-shaft,  by 
tightening  a  compressed  spring.  This  spring  is  coiled  in  a 
sieve,  which  is  keyed  to  the  counter-shaft  above  the  upper  gear. 
When  the  spring  is  compressed,  the  counter-shaft  revolves  with 
the  upper  gear  and  the  washers,  at  a  rate  determined  bv  the 
amount  of  compression  on  the  lower  counter-shaft  turning  the 
feed-nut  gear,  and  as  the  amount  of  compression  of  the  spring, 
and  consequently  the  friction  of  the  washers,  can  be  increased 
or  diminished  at  will,  it  follows  that  the  feed  can  be  varied  up 
to  any  limit  fixed  by  the  proportions  of  the  feed-gear. 

The  positive  type  of  feed  consists  of  an  arrangement  of 
differential  gears,  which  causes  a  positive  advance  of  the  cutting 
bit  at  a  rate  determined  by  the  particular  gears  engaged  and 
the  number  of  revolutions  of  the  drill  rods. 

Plates  XV.  and  XVI.  illustrate  this  type  of  feed  as  used  on 
some  of  the  drills  built  by  the  Bullock  Manufacturing  Co. 

The  feed  is  obtained  by  varying  the  relative  speeds  of 
rotation  of  the  hollow  spindle  (or  quill)  carrying  the  boring  rods, 
and  the  bottom  spur  wheel  N,  the  boss  of  which  forms  a  nut 
fitting  on  the  quill,  which  has  a  left-hand  screw  of  four  threads 
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per  inch,  as  shown.  It  is  evident  that  if  both  screw  and  nut 
revolve  at  the  same  speed  there  will  be  no  **  travel "  of  the 
screw,  but  if  the  wheel  N  be  revolved  more  quickly  the  quill 
will  travel  downwards,  and  thus  carry  down  the  bore-rods  with 
core  tube  and  crown,  the  quill  being  rotated  in  the  direction  of 
the  arrow. 

The  bevel -wheel  W  is  driven  by  a  wheel  on  the  en^rine 
shaft.  The  quill  slides  freely  in  W,  and  is  rotated  by  means  of 
two  feathers,  which  fit  in  key-ways,  running  the  whole  length 
of  the  quill. 

The  boss  of  the  wheel  is  prolonged  above  the  bearing,  and 
carries  three  spur  wheels,  which  rotate  with  it;  these  wheels 
gear  with  three  other  wheels  running  loose  on  the  spindle  A, 
which  is  hollow,  and  has  a  centre  spindle  carrying  a  key  K,  pass- 
ing through  long  slots  in  the  outer  spindle,  so  that  it  may  be 
raised  or  lowered,  and  thus  engage  with  either  of  the  three 
wheels,  which  will  then  cause  the  spindle  to  revolve.  These 
wheels  have  an  outer  rim  of  wrought  iron,  in  which  the  teeth 
are  cut,  and  a  centre  of  brass,  one  portion  of  which,  L,  is  bored 
to  fit  the  spindle,  but  has  slots  cut  in  it  to  receive  the  key  K 
when  re(iuired.  Above  and  below  L  is  a  recess,  in  which  the 
key  may  remain  without  contact  with  either  wheel,  and  be- 
neath the  bottom  wheel  is  a  fixed  plate,  Tfith  slots — similar  to 
those  in  tlie  wheel — which  lock  the  spindle  when  the  key  is 
lowered  with  them. 

At  the  lower  end  of  the  centre  spindle  is  another  similar 
key  passing  through  long  slots  in  the  outer  spindle,  and  revolv- 
ing in  a  recess  in  the  body  of  the  handle  H.  This  handle  can 
be  raised  or  lowered,  and  fixed  so  that  it  engages  the  upper  key, 
K,  with  either  the  locking  plate  or  one  of  the  wheels;  or  it 
may  be  in  the  spaces. 

Assuming  that  the  key  is  in  the  top  wheel,  the  speed  of 
feed  will  be  one  inch  for  700  revolutions  of  quill,  the  ratios  of 
speeds  of  quill  and  nut  N  being :  — 
44   X    24  1 

42    X    25   =   1:0057    =   ^^^  '^^'-  P^'  "^^^- 
With  the  second  wheel  in  gear  the  ratio  is:  — 

41    X   24  I  ,„„  .     , 

:«)   x"  25   =    0)0923   =   *^^  •■^''^-  P^*"  •"^^- 
With  the  bottom  wheel  engaged  the  ratio  is:  — 

3«   X    24  1  „^  .     , 

thus  giving  three  different  rates  of  feeding  to  suit  the  varying 
hardness  of  the  rock. 

It  may  be  urged  that  the  positive  feed  machine  may  be 
used  in  localities  where,  owing  to  shortness  of  water,  it  would 
be  difficult  to  run  a  hydraulic  feed  machine.  My  experience  is, 
however,  that  the  quantity  of  water  used  in  the  running  of  the 
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one  and  the  other  amounts  to  practically  the  same  thing,  since 
all  the  water  which  is  discharged  from  the  hydraulic  cylinder 
escape  valves  may  readily  be  returned  to  the  pumping  sump 
without  appreciable  loss. 

In  combination  with  the  positive  feed  arrangement  the 
Bullock  drills  are  provided  with  an  apparatus  called  a  Thrust 
Indicator,  which  registers  the  pressure  at  any  moment  on  the 
boring  bit.  By  carefully  watching  this  instrument  and  record- 
ing its  indications  as  the  drilling  proceeds,  the  pressures  exerted 
upon  materials  of  different  hardness  may  be  accurately  deter- 
mined, on  a  subsequent  comparison  of  the  core  and  the  Thrust 
Indicator  record.  The  experienced  drill  man  will  therefore  not 
only  be  at  once  informed  as  to  the  hardness  of  the  rock  through 
which  the  bit  is  passing,  but  will  at  the  same  time  regulate  the 
feed  gears  to  meet  the  conditions. 

The  hydraulic  type  of  feed  consists  of  an  arrangement  of 
cylinder  and  movable  piston,  the  latter  attached  to  a  piston  rod. 
Water  under  pressure  is  pumped  into  the  cylinder  either  on  the 
upper  or  lower  side  of  the  piston  as  may  be  desired,  the  direction 
being  controlled  by  the  manipulation  of  water  valves  provided 
for  that  purpose. 

Two  well-known  power  drills,  the  "  Sullivan "  and 
**  Bullock,"  are  equipped  with  this  form  of  feed,  the  former 
having  one  cylinder,  and  the  latter  two.  Fig.  1,  PI.  XVIII.,  is 
an  outside,  and  Fig.  2,  a  sectional,  illustration  of  the  **  Sulli- 
van "  feed,  which  may  be  thus  described:  — 

In  this  illustration,  A  is  the  hvdraulic  cylinder  in  which 
the  piston  B  moves  up  and  down  with  its  attached  piston-rod,  C. 
A  high-pressure  pump  is  connected  to  the  cylinder  at  the  tee  D, 
the  water  passing  into  and  escaping  from  tne  cylinder  through 
brass  tubes  F,  and  ports  to  which  they  connect,  cast  in  tlhe 
cylinder  heads.  The  water  valves  1  and  2  are  the  "  inlet 
valves,"  and  3  and  4  are  the  "  outlet  valves." 

To  the  upper  end  of  the  piston-rod  is  screwed  a  thrust  plate 
G,  through  which  pass  three  studs,  screwed  into  another  thrust 
plate,  II.  Between  the  thrust  plates  are  two  sets  of  friction  ball 
bearings,  one  set  on  each  side  of  a  collar  I,  which  is  screwed 
fast  to  a  drive  rod,  J.  The  collar  I  transmits  the  motion  of  the 
hydraulic  piston  to  the  drilling  bit,  for  as  the  piston  and  piston 
rod  descend  they  carry  with  them  the  two  thrust  plates,  G  and 
H,  and  the  collar  I.  The  drive  rod  J  is  rotated  by  a  mitre 
wheel  K,  through  which  it  slides,  the  feathers  of  the  mitre  p^ear 
sliding  in  grooves  in  the  drive  rod.  The  mitre  wheel  K  is 
actuated  by  similar  gear  on  the  engine  shaft.  The  collar  I — 
moving  in  concert  with  the  piston-rod  C — being  screwed  fast 
to  the  drive  rod  J,  rotates  with  it,  and  thus  any  movement  of 
the  piston  is  communicated  to  the  piston-rod,  and  from  that  by 
means  of  the  collar  I  to  the  drive  rod,  with  the  least  possible 
friction.  The  drive  rod  is  a  hollow  tube  revolving  within  the 
piston-rod;    to   its  lower  portion,   which   projects  beyond   the 
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piston-rod,  is  screwed  a  chuck,  L,  which  grips  the  boring' 
tubes,  F. 

When  in  operation,  water  is  pumped  into  the  cylinder 
through  the  tee  D.  When  the  valves  1  and  3  are  open,  and  2 
and  4  are  closed,  the  water  pressure  is  above  the  piston,  and  its. 
downward  motion  is  regulated  by  the  manipulation  of  a  valve 
on  the  escape  tee  E.  Similarly,  if  the  valves  2  and  4  be  open 
and  1  and  3  be  closed,  the  water  pressure  is  below  the  piston,. 
which  consequently  moves  upward,  the  stroke  of  the  piston 
being  necessarily  the  continuous  effective  **  feed  '  of  the 
machine. 

The  water  pressure  upon  the  piston  is  indicated  by  a  gauge 
placed  between  an  outer  admission  valve  and  the  tee  D.  It  haa 
been  shown  that  the  motion  of  the  piston  is  communicated 
through  the  piston-rod  to  the  thrust  plates  G  and  H,  and  again 
by  them  through  the  collar  I  to  the  drive  rod  J,  which  finally 
transmits  it  to  the  drill  rods  P  through  the  chuck  L.  The 
engine  in  running,  therefore,  actuates  the  drive  rod  by  means  of 
the  mitre-gear  before  mentioned,  and  the  drive  rod,  clamped  to 
the  drill  rods  carrying  the  diamond  bit,  is,  when  boring,  forced 
downwards  whilst  rotating,  by  the  hydraulic  pressure  in  the 
cylinder  A. 

The  Ihillock  double  cylinder  feed  operates  practically  in 
the  same  manner  as  the  single  cylinder  feed.  It  is  claimed 
that  it  gives  a  longer  run  of  feed,  keeps  the  spindle  dead  in  line 
with  the  liole.  eliminates  side  strains,  and  provides  a  duplicate 
plant,  so  that  in  the  event  of  accident  to  one  cylinder  the  other 
will  keep  the  machine  running. 

The  various  **  feeds  ''  above  described  have  each  their  sup* 
porters,  but  in  the  opinion  of  the  writer  the  advantages  of  the 
hydraulic  feed  outweigli  any  that  are  offered  by  those  otherwise 
designed. 

In  power  machines  the  two  feeds  of  importance  are  the 
positive  and  the  hydraulic.  The  underlying  principle  of  the 
positive  feed  is  essentially  a  **  constant  rate  of  advance,"  as  dis- 
tinct from  the  underlying  principle  of  the  hydraulic  feed,  which 
is  **  pressure,"  wliicli  may  be  increased,  or  decreased,  or  remain 
constant  for  any  length  of  time  at  the  will  of  the  operator. 

Tlie  positive  feed  advances  at  a  rate  determined  by  the 
proportion  of  the  gears,  and  that  rate  of  advance  must  be  main- 
tained whetlier  the  rock  be  liard  or  soft.  It  is  clear  that  if  a 
drill  passi»a  suddenly  from  a  soft  to  a  very  hard  formation,  and 
if  care  be  not  exercised  to  change  the  gears  to  suit  the  harder 
rock,  tlie  rate  of  f(»ed  may  outrun  the  cutting  capacity  of  the 
diamond  hit,  resulting  in  overheating,  abrasion,  and  possibly 
heavy  loss.  Contrariwise,  if  the  machine  be  drilling  in  a  hard 
rock  and  suddenly  passes  into  one  more  easily  cut,  or  into  a 
fissure,  the  boring  bit  will  still  only  advance  at  the  rate  deter- 
mined by  the  gears,  and  the  machine,  in  the  hands  of  an  in- 
attentive  runner,  may  in  the  one  case  only  be  performing  a 
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small  proportion  of  the  work  of  which  it  is  capable,  and  in  the 
other  be  doing  absolutely  no  drilling  at  all. 

In  the  case  of  the  hydraulic  feed  these  dangers  are  practic-^ 
ally  non-existent.  The  boring  bit  being  advanced  by  a  constant 
pressure  will  automatically  make  greater  advance  in  softer  for- 
mation, whilst  in  the  passage  from  softer  to  harder  formation 
there  is  no  immediate  danger  of  damage  to  the  boring  bit,  see- 
ing that  it  is  not  arbitrarily  forced  forward  a  distance  propor- 
tionate to  a  given  number  oi  revolutions  of  the  engine  as  in  the 
•case  of  the  positive  feed.  If  the  hydraulic  feed  machine  strikes 
a  fissure  the  piston  cannot  suddenly  drop  in  the  cylinder,  being 
sustained  on  water,  which  can  only  discharge  itself  at  a  rate 
under  the  control  of  the  operator. 

The  importance  and  desirability  of  the  unlimited  range  of 
feed  which  is  provided  by  the  hydraulic  principle  is,  I  think, 
obvious.  There  are  doubtless  many  rock  formations  of  such 
unvarying  hardness  that  the  positive  feed  machine  would  hold 
its  own  against  its  rival,  but,  granting  that,  the  fact  remains 
that  the  hydraulic  feed  will  perform  that  work  equally  well,  and 
if  required  in  another  position  where  the  conditions  are  different 
it  will  more  readily  meet  the  change. 

The  hoisting  apparatus  in  all  power  drills  is  substantially 
the  same,  consisting  of  a  drum  operated  from  the  engine  by 
^ears.  The  hoisting  drum  is  fitted  with  speed-reducing  ar- 
rangements to  enable  the  heaviest  loads  to  be  handled  with  ease, 
sometimes  four  different  speeds  being  available.  Besides  this 
the  drum  is  used  in  "  chopping  bit "  operations,  in  driving  the 
-casing  pipe,  etc.  For  these  purposes  the  drum  is  run  con- 
tinuously m  one  direction.  A  rope  is  turned  a  few  times  round 
the  barrel,  and  by  manipulation  the  rope  grips  on  the  drum  and 
lifts  the  working  tool.  At  a  certain  height  the  rope  is  allowed 
to  slacken  on  the  barrel,  the  tool  then  falling  by  gravity  to 
accomplish  its  work. 

For  holes  of  great  depth,  sav  5,000  ft.,  special  arrangements 
have  to  be  made  for  hoisting,  it  is  necessary,  in  order  to  reduce 
the  weight  of  the  rods  in  a  hole  of  this  depth,  to  work  with 
gradually  lessening  diameter,  otherwise  they  could  not  sustain 
their  own  weight.  Even  with  the  taper  arrangement  the  weight 
of  a  line  of  rods  5,000  ft.  in  length  is  about  20  tons. 

To  handle  weights  of  such  proportions  a  hoist  is  provided, 
which  is  equal  in  carefulness  of  design  to  the  best  mine  hoists. 
The  engines  are  provided  with  a  link  motion,  enabling  the 
operator  to  lower  the  drill  rods  into  the  hole  under  steam 
pressure. 

On  the  smaller  machines  band  or  other  friction  brakes  are 
provided. 

The  more  important  accessories  of  a  diamond  drilling  field 
equipment  mav  thus  be  tabulated :  — 

Drilling  Machine, — Complete  with  engine  and  hoist.  PI. 
JCX.  shows  a  complete  Sullivan  drill  ready  for  work. 
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Steam  Boiler, — Complete  with  feed  pumps,  fittings,  pipe 
connections,  etc.  PI.  XX.  shows  a  usual  type  of 
boiler. 

Steam  Pump— The  uses  of  this  pump  are  for  pumping 
water  into  the  borehole  through  the  drill  rods,  out 
through  the  boring  bit  and  back  to  surface  through 
the  clearance  space  between  the  drill  rods  and  the 
sides  of  the  borehole.  The  position  of  the  pump  is 
shown  in  PI.  XX.  The  water  performs  the  functions 
of  keeping  the  boring  bit  cool,  prevents  the  silting  of 
the  hole,  and  brings  the  borings  to  surface  for  in- 
spection. 

Derrick. — This  is  generally  a  four-sided  tubular  frame,  as 
depicted  in  outline  in  PI.  XXI.,  at  the  top  of  which 
is  a  sheave  pulley,  over  which  passes  the  hoisting 
rope.  It  is  built  as  high  as  practicable  in  order  that 
the  drill  rods  may  be  disconnected  in  lengths  of  40 
or  50  ft.  In  the  case  of  shallow  boring,  a  short  tri- 
pod frame  is  used,  when  the  rods  must  be  discon- 
nected at  intervals  of  20  ft.  at  most.  Platforms  are 
provided  in  the  derrick  for  use  when  handling  the 
drill  rods,  during  the  operations  of  hoisting  and 
lowering. 

Drill  Rods. — These  consist  of  stout  flush-jointed  tubes,  the 
diameter  of  which  varies  according  to  the  diameter 
of  core  required.  In  soft  formation  and  for  coal 
borings,  cores  6  in.  in  diameter  may  be  desired, 
whilst  in  gold  formation  the  diameter  may  be  under 
one  inch.  A  section  of  a  Sullivan  drill  borehole 
is  shown  on  PI.  XXII.,  Fig.  1. 

Boring  "  Bit  "  or  "  Crown.'* — This  consists  of  a  short  metal 
shell,  made  from  specially  selected  material,  into  the 
face  and  sides  of  which  are  set  the  diamond  cutting 
stones,  as  illustrated  in  PI.  XIX.,  Figs.  1-6. 
It  is  made  with  a  shoulder,  and  is  provided  with 
channels  for  the  passage  of  water. 

Carbonados  {Diamonds). — The  most  generally  used  black 
diamonds,  or  carbonados,  are  derived  from  the  Pro- 
vince of  Bahia,  Brazil.  They  occur  in  association 
with  the  gem  diamond  in  placer  deposits,  and  are 
highly  valued  all  over  the  world  for  their  abrasive 
properties.  The  most  useful  weight  stone  for  drill- 
ing purposes  is  about  3  carats,  and  about  eight  stones 
are  set  in  the  average  boring  bit.  The  stones  are 
arranged  in  the  boring  bit  at  equal  intervals,  four 
being  set  as  "  outside  "  stones  ana  four  as  '"  inside  " 
stones.  **  Outside  "  and  "  inside  "  in  this  connection 
relates  solely  to  the  projections  of  the  stones,  as  to 
whether  they  give  clearance  outside  the  bit — ^be- 
tween it  and  the  outer  periphery  of  the  borehole — 
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or  inside  the  bit — between  it  and  the  cored  material. 
The  "  setting  "  of  the  stones  in  the  metal  bit  is  com- 
passed by  first  boring  a  receptacle  hole  in  the  bit, 
and  after  carefully  fitting  the  stone  into  the  hole, 
leaving  the  necessary  cutting  projection,  to  caulk  it 
tight  either  with  copper  or  other  malleable  material. 
Frequently  no  extraneous  caulking  is  introduced, 
the  metal  bit  itself  affording  the  caulking  medium. 

Core  Lifters. — This  appliance,  shown  in  Fig.  2,  PI.  XXII., 
as  its  name  implies,  is  employed  for  the  purpose  of 
raising  the  core  that  has  been  cut  by  the  drill.  It  is  so 
designed  that  it  moves  easily  over  the  core  whilst  the 
drill  is  advancing,  but  immediately  the  rods  are  lifted 
in  the  hole  the  core  lifter  is  pressed  into  a  tapered  re- 
cess, which  causes  it  to  grip  tightlj^  on  the  core  and 
break  it  from  the  solid.  Any  core  which  has  passed 
into  the  core  barrel  is  safely  held  in  position  there, 
until  released  at  surface.  The  core  lifter  most 
generally  employed  is  a  taper  split  ring,  in  the  inside 
of  which  are  projections  for  gripping  the  core. 

Core  Shells. — The  core  shell  is  a  short  tapered  tube,  which 
holds  the  core  lifter  in  position.  The  core  shell  is 
screwed  on  at  one  end  to  the  borinjr  bit,  and  at  the 
other  to  a  connection  for  attachment  to  the  core 
barrel. 

Core  Barrel. — This  piece  of  steel  tubing  is  of  short  length 
for  shallow  holes  and  up  to  30  ft.  in  length  for  deep 
holes.  The  average  length  is  10  ft.  Its  function  is 
to  hold  the  core  as  the  drill  advances,  and  its  length 
obviously  determines  the  longest  run  that  can  be 
made  without  lifting  the  rods  to  surface.  Some- 
times the  drill  runner  is  fortunate  enough  to  strike 
formation  that  cores  easily  and  solidly,  when  he 
waits  until  the  core  barrel  is  full  before  raising  the 
rods ;  at  other  times  the  drilling  may  be  in  fragmen- 
tary rock,  which  causes  jamming  in  the  core  shell  or 
core  barrel,  necessitating  frequent  lifting  of  the  rods 
and  consequent  loss  of  drilling  time. 

Stand  Pipe. — This  is  a  tube,  generally  from  3  to  5  inches 
in  diameter,  placed  in  the  top  portion  of  the  bore- 
hole. It  serves  to  prevent  leakage  in  the  upper  loose 
rock  or  alluvium,  and  also  for  collection  of  the  re- 
turned borings  pumped  from  the  borehole.  It  is 
also  called  "  drive  "  pipe. 

Drive  head  and  sJioe. — These  are  attachments  for  the  drive 
pipe,  and  are  used  in  forcing  it  through  soft  ground. 

Casing  pipe. — This  is  tubing  passed  inside  the  stand  pipe, 
to  prevent  loss  of  water  through  fissures,  and  also 
to  prevent  caving  of  the  hole  in  bad  ground.       If 
casing  pipe  has  to  be  used  at  depth  the  bore-hole 
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must  be  reamed  out  to  a  diameter  large  enougli  to 
take  it. 

Reamer, — This  consists  generally  of  an  extra  heavy  tube 
attached  to  the  drill  rods  and  having  a  hollow  boss, 
set  with  carbons,  for  the  purpose  of  enlarging  the 
borehole  for  casing.  It  is  also  used  in  cases  in  which 
the  gauge  of  the  crown  has  been  set  too  narrow,  leav- 
ing too  Tittle  clearance  for  the  drill  ro<ls,  and  return- 
ing water. 

Hoisting  Plug. — This  is  a  screwed  eye  bolt,  which  turns 
freely  in  a  socket  screwed  to  a  threaded  boss,  which 
fits  in  the  drill  rods.  In  lowering  or  raising  the 
rods  the  hoisting  rope  hook  engages  the  eye  bolt  of 
the  hoisting  plug. 

Water  Swivel. — This  is  an  attachment  to  the  top  of  the 
drill  rods  when  boring,  and  is  the  means  of  connec- 
tion between  the  pump  and  the  rods. 

Other  Appliances. — In  addition  to  the  foregoing,  there  are 
devices  for  holding  the  drill  rod  securely;  recover- 
ing taps  for  drawing  jammed  or  broken  rods  or  cas- 
ing; augers  for  use  in  soft  ground;  chopping  bits  for 
breaking  down  boulders  met  with  in  driving  the 
stand  pipe,  and  sundry  items  too  numerous  to  men- 
tion here. 

ROTARY    DRILLS. 

Thus  far  I  have  been  describing  diamond  rotary  drills.  I 
now  propose  to  briefly  refer  to  one  special  rotary  drill,  which 
employs  steel  cutters  in  lieu  of  diamonds^ 

The  most  important  drill  of  this  type  is  one  known  as  the 
Davis-Calyx,  which  originated  in  Australia.  The  cutter  in  this 
machine  is  a  cylindrical-pronged  shell.  The  end  of  each  prong 
is  made  into  a  cutting  point  by  shaping  the  cutter  end  of  the 
prong  back  at  about  an  angle  of  50  degrees  with  tlie  direction 
of  the  prong.  The  teeth  when  blunt  are  heated  and  sharpened 
up  by  hand  hammer,  as  shown  in  PI.  XXIII.  The  cutting  bit  is 
attached  to  the  core  barrel,  which  latter  is  of  the  same  outside 
diameter  as  tlie  shell  of  the  cutter.  Tlie  core  barrel  is  attached 
by  means  of  a  reducing  plug  to  the  drili  rods.  The  "  Calyx  " 
(cup-shaped),  which  is  a  special  feature  of  this  machine,  is  a 
tube  of  the  same  diameter  as  the  core  barrel.  It  surrounds  the 
lowest  drill  rod,  and  rests  on  the  reducing  plug  l>etween  the  core 
barrel  and  the  drill  rods,  thus  making  at  the  bottom  a  practically 
closed  tube.  At  the  upper  end  of  the  tube  it  is  open,  and  the 
space  l)etween  the  drill  rod  and  the  enclosinflr  tube  forms. the 
Calj-x.  In  the  sectional  view,  PI.  XXIV.,  water  is  pumped  down 
inside  the  rod,  sand  then  passes  through  the  cuttinjr  teeth, 
carrying  with  it  the  detached  particles  of  rock  chipped  out  by 
the  cutter.  The  water  and  chippings  are  forced  upwards  by 
the  pump,  on  the  outer  side  of  the  cutting  bit  and  core  barrel. 
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and  whilst  passing  in  this  restricted  space  the  water  has  such  a 
velocity  that  it  is  impossible  for  the  cuttings  to  settle.  After 
passing  the  Calyx  tube  in  its  upward  flow,  the  water  reaches  a 
comparatively  large  space,  where  the  rate  of  travel  is  much 
lessened,  and  ccmsequently  the  solid  chippings  from  the  cutter 
drop  out  of  suspension,  and  are  caught  in  the  Calj-x.  In  this 
manner  a  record  of  the  cliippings  is  retained,  and  can  be 
examined  in  connection  with  the  core. 

In  operation  the  drill  rods  are  slowly  rotated;  the  cutting 
teeth  being  on  the  bottom  of  the  hole.  Pressure  is  exerted  on 
the  cutters,  which  causes  them  to  bite  or  grip  into  the  rock. 
The  drill  rods  are  continuously  revolved,  and  eventually  the 
torsion  strain  on  the  rods  overcomes  the  resistance  due  to  the 
bit  of  the  cutting  bit,  when  the  latter  spins  round  and  chips 
a  groove  in  the  rock,  leaving  the  solid  core  standing.  The 
cutting  bit  presently  comes  to  rest  again,  and  as  soon  as  tlie 
rods  have  accumulated  sufficient  energy  to  overcome  its  resist- 
ance the  spin  of  the  cutting  teeth  again  takes  place,  this  opera- 
tion being  repeated  throughout  the  boring. 

In  rocks  of  exceptional  hardness  it  was  found  that  the  steel 
cutters  progressed  so  slowly  that  it  was  decided  to  employ  a 
diamond  bit  for  negotiating  them.  This  alternative  was  per- 
fectly satisfactory  from  a  drilling  standpoint,  though  too  costly 
as  compared  to  the  steel  cutter  boring,  and  eventually  a  system 
was  perfected  by  which  chilled  steel  shot  was  substituted  for  the 
diamonds,  with  successful  results.  The  chilled  steel  shot  is  used 
with  a  specially  designed  bit,  and  is  so  hard  that  it  will  scratch 
glass. 

In  drills  wherein  no  ''  Calyx  ''  is  used  it  has  been  found 
that  the  pressure  due  to  pumping  removes  the  shot  from  its  posi- 
tion in  the  bottom  of  the  hole,  but  the  Davis  drill  has  demon- 
strated the  practicability  of  using  chilled  shot,  for  the  reason 
that  the  pump  pressure  can  be  so  greatly  reduced  owing  to  the 
increased  size  of  the  hole  in  its  upper  portions. 

The  great  feature  of  this  machine  is — if  the  claims  made 
for  it  can  be  substantiated-  -that  it  will  bore  holes  of  compara- 
tively large  diameter  as  rapidly  and  much  more  cheaply  than 
is  possible  to  drill  holes  of  small  diameter  with  the  diamond 
<lrill,  owing  to  the  high  price  of  diamonds.  The  small  cores 
produced  by  diamond  drills  have  been  reduced  to  the  minimum 
because  of  the  excessive  cost  of  carbons  used  in  the  boring  bit. 
Originally  all  boreholes  were  drilled  comparatively  large  in  dia- 
meter, and  the  Davis-Calyx  drill  attempts  to  get  back  to  first 
principles  by  producing  a  core  of  large  dimensions. 

It  is  claimed  by  the  makers  that  they  have  demonstrated  in 
practice  that  the  combination  of  steel  cutters  and  chilled  shot 
will  satisfactorily  penetrate  rocks  of  any  hardness,  and  it  is 
specially  claimed  for  this  ynachine  that  it  is  not  liable  to  be 
deflected  by  crevices  met  in  the  boring. 

The  cost  per  foot  for  chilled  shot  in  the  hardest  ground  is 
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said  not  to  exceed  Id.  per  foot,  as  compared  with  an  average  of 
15s.  to  20s.  per  carat  when  using  carhons  at  current  prices. 

This  machine  stands  potentially  to-day  as  the  only  rival  ta 
diamond  drills.  It  has  not  yet  been  seen  in  operation  on  the 
Witwatersrand,  but  within  a  short  period,  the  writer  under- 
stands, it  will  enter  into  competition  on  these  fields. 

PERCUSSIVE    DRILLING. 

This  is  a  type  of  drill  distinct  from  the  rotary  machine,, 
wliich  I  have  described.  It  consists  essentially  of  an  outfit 
arranged  for  chopping  or  churning,  and  the  main  differences 
between  this  and  rotary  drills  is  that  from  this  machine  no  solid 
core  can  be  obtained.  It  is  generally  used  in  the  coal  districts 
of  America  for  testing  coal-bearing  strata,  but  frequently  the 
indications  obtained  from  it  have  led  to  disappointment.  The 
onlv  record  of  strata  passed  through  which  it  gives  is  presented 
in  the  shape  of  cuttings  returned  to  surface,  but  it  has  been 
found  impossible  to  distinguish  the  churnings  in  carboniferous 
shales  from  the  indications  obtained  when  passing  through  true 
coal  seams,  and  frequently  capital  has  been  launched  in  a  pro- 
spective coal  enterprise  which  has  proved  by  subsequent  de- 
velopment to  be  merely  black  shales. 

This  form  of  machine  finds  its  greatest  usefulness,  perhaps^ 
in  prospecting  for  oil  and  water,  in  which  field  of  inquiry  it 
holds  its  own  to-day. 

THE  OPERATIOX   OF  A   DIAMOND   DRILL. 

The  first  consideration  in  connection  with  diamona  drill 
operations  is  the  site  of  the  borehole.  In  all  causes  in  which  it 
is  impossible  to  get  data,  bearing  upon  the  formation  in  which 
it  is  proposed  to  operate,  careful  attention  should  be  paid  to 
the  likelihood  of  meeting  with  faults  or  dykes,  or  such  other 
plienomena,  which  might  interfere  with  the  boring  investiga- 
tions. In  unexplored  districts  and  in  areas  over  which  rocks  of 
later  formation  obscure  the  particular  horizon  to  be  explored, 
there  is  often  nothing  to  guide  the  prospector  as  to  dangers  of 
fault  and  dyke  which  may  exist,  and  consequently  the  risk  of 
meeting  with  these  drawbacks  has  to  be  run. 

The  boring  site  should  be  chosen — as  far  as  may  be  con- 
sistent with  the  conditions  of  the  deposit  and  the  boundaries  of 
the  property — with  a  view  to  accessibility  by  wagon  or  other- 
wise, and  with  due  regard  to  the  water  and  fuel  supply,  and  in 
such  a  position  that  it  is  not  liable  to  be  flooded  by  heavy  rains 
or  sudden  rushes  of  water. 

Having  finally  fixed  the  boring  site  or  sites,  the  next  thing 
necessarj'  is  to  erect  the  drilling  plant,  excavating  at  the  same 
time  a  hole  for  catching  the  returned  water  from  the  borehole. 

After  the  drilling  gear  is  all  erected  and  connected,  the 
stand  pipe  is  placed  in  position.  This  pipe  must  pass  through 
all  surface  alluvium  or  broken  rock  and  be  properly  bedded  in 
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the  solid  rock.  Its  purpose  is  to  prevent  waste  of  water  in  the 
upper  surface  soil  or  rock,  and  also  to  collect  and  deliver  the  rock 
cuttings  and  chippings — which  are  carried  up  by  the  pump  pres- 
sure— at  such  a  point  that  the  drill  runner  can  observe  the 
nature  of  the  rock  through  which  he  is  passing. 

Having  secured  the  stand  pipe,  the  next  operation  is  to 
place  a  piece  of  casing  inside  the  stand  pipe  to  make  a  water- 
tight joint.  A  hole  for  the  casing  is  bored  and  reamed,  and  the 
casing  is  subsequently  lowered  and  fixed.  Boring  may  now 
begin. 

The  drill  rods,  having  the  boring  bit,  core  barrel,  core  shell, 
and  core  lifter  attached  at  the  lower  end,  are  lowered  inside  the 
casing  to  the  solid  rock.  The  water  swivel  is  attached  to  the 
top  length  of  drill  rod,  and  this  rod  is  passed  through  the  drive 
rod  of  the  machine,  and  connected  to  the  other  lengths  in  the 
hole.  The  rods  are  then  gripped  firmly  by  screwing  up  the 
chuck  on  the  machine,  and,  all  connections  having  been  made, 
the  hoisting  drum  is  thrown  out  of  gear  and  boring  begins. 
When  the  drill  has  advanced  so  far — assuming  no  stoppages — 
that  the  core  barrel  is  full,  the  drill  is  stopped,  the  water  swivel 
removed,  and  a  safety  clamp  for  holding  the  rods  suspended  in 
the  hole,  grips  the  drill  rocls  below  the  first  joint.  The  chuck 
screws  are  then  loosened,  and  the  top  rod  is  drawn  out  through 
the  upper  end  of  the  drive  rod. 

Various  arrangements  are  made  by  different  makers  of 
drills  to  throw  the  machine  out  of  gear  in  order  that  perfectly 
free  hoisting  of  the  rods  may  be  done  by  the  drill  runner. 

The  rods  in  the  hole — of  whatever  depth — are  hauled  up 
gradually  by  the  hoist,  and  parted  at  their  screwed  connections 
into  lengths  dependent  upon  the  height  of  the  derrick.  The 
rods  are  10  feet  each  in  length,  and  if  the  derrick  be  sufficiently 
high,  a  "parting"  is  only  required  as  at  the  end  of  every  fifth 
rod.  When  the  last  rod,  to  which  is  connected  the  boring  bit, 
core  barrel,  etc.,  reaches  surface,  the  shell  is  unscrewed  from  the 
barrel,  and  the  core  extracted.  The  drill  must  be  run  slowly  for 
the  first  50  ft.  in  depth,  in  order  that  the  boring  bit  may  not 
diverge  from  the  vertical  direction,  which  it  is  liable  to  dX)  if 
there  are  fissures  or  planes  of  bedding  into  which  it  can  easily 
penetrate. 

The  boring  bit  at  any  time  should  not  be  run  at  more  than 
175  revolutions  per  minute,  if  only  for  the  reason  that  at  high 
rotative  speeds  there  is  a  liability  to  set  up  grinding  of  the  core 
upon  itself,  in  the  core  barrel,  and  the  more  friable  portions  of 
the  core  are  lost.  In  metalliferous  deposits  the  richest  portions 
of  the  ore  are  generally  the  most  easily  reduced  by  attrition, 
and  an  unsatisfactory  borehole  result  might  be  traceable  en- 
tirely to  the  loss — in  the  manner  indicated —  of  the  richest  sec- 
tion of  the  deposit  penetrated  by  the  drill.  An  appliance  has 
recently  been  patented  by  the  use  of  which  it  is  claimed  no 


348  REroRT— 1904. 

grinding  of  core  can  take  place  in  the  barrel.  It  is  pivoted  at 
the  top  on  a  universal  ball  joint,  and  allows  the  outer  core  barrel 
to  rotate  freely  around  it.  If  successful  it  should  prove  a  valu- 
able addition  to  drilling  appliances. 

AVERAGE   RATE   OF   BORING. 

The  average  rate  of  boring  varies  as  to  the  depth  of  the 
hole,  the  character  of  the  rock  met  with ;  and  freedom  from  acci- 
dent— whether  unavoidable  or  otherwise. 

The  depth  of  the  hole  affects  the  rate  of  boring  because  of 
the  additional  time  required  to  hoist  and  lower  the  drill  rods  as 
the  hole  increases  in  <lepth.  This  does  not  refer  especially  in 
the  longer  time  reiiuired  to  do  the  lioisting  pure  and  wimple, 
but  to  the  increased  time  taken  to  lift  the  rods;  to  part  them  at 
the  lengths  determined  bv  tlie  height  of  the  derrick;  to  stack 
them  in  a  convenient  place;  and,  after  emptying  the  coi-e- 
barrel,  and  replacing  the  boring  bit,  to  lower  them  back  into  the 
hole,  length  by  length  as  they  were  parted  in  hoisting.  I  may 
note  here  that  it  is  better  practice  to  keep  two  core  barrels,  in 
order  that  the  core  can  cmly  be  extracted  by  the  coretaker,  and 
is  not  subjected  to  the  scrutiny  of  the  drill  runners. 

The  time  required  for  hoisting  and  lowering  rods  from  and 
to  a  depth  of  1,000  ft.  is  about  two  hours,  whilst  from  a  denth 
of  3,000  ft.  the  time  recjuired  is  about  7  to  cS  hours.  This  time 
is,  of  course,  quite  lost  as  far  as  drilling  is  concerned,  and  there- 
fore tlie.deeper  the  hole  and  the  more  frequently  the  rods  re(iuire 
to  be  hoisted,  the  greater  will  be  the  reduction  made  in  the 
average  rate  of  boring. 

The  cliaracter  of  tlie  rock  met  with  relates  to  two  features, 
namely  its  hardness,  and  its  liability  to  fragmentati<m  in  cor- 
ing. The  ideal  features  are  a  rock  easily  bored,  which  at  the 
same  time  cores  in  long  lengths.  If  a  rock  cores  in  a  frag- 
mentary manner,  there  is  great  liability  for  it  to  obstruct  the 
drilling  by  sticking  in  the  core  shell  and  the  core  barrel,  and 
therefore  even  at  a  depth  of  3,000  ft.  it  happens  that  the  rods 
must  be  hoisted  after  boring  6  inches  or  less,  which  obviously 
seriously  affects  the  average  rate  of  drilling.  In  a  good  coring 
rock,  and  with  a  30  ft.  core  barrel,  the  drill  rods  may  only  re- 
quire to  be  hoisted  when  the  core  barrel  is  filled,  or  once  in 
every  30  ft.  bored. 

The  accidents  to  which  a  drill  is  liable  are  numerous,  re- 
lating to  those  which  are  unavoidable  by  reason  of  breakage  in 
the  gear  and  those  which  are  avoidable  by  care  on  the  part  of 
the  runner. 

The  gear  breakages  may  refer  to  the  engine,  hoist,  rope, 
pump,  drill  rods,  jaw  clamp,  etc.,  and  any  one  of  these  may 
cause  serious  loss  and  delay,  whilst  some  may  cause  the  entire 
loss  of  the  borehole,  rods,  and  boring  bit.  The  last  would 
specially  refer  to  breakage  of  the  hoist,  the  rope,  or  its  connec- 
tions; stripping  of  the  screwed  ends  of  the  drill  rods;  or  failure 
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on  the  part  of  the  jaw  clamp  to  hold  the  rods  whilst  in  the  pro- 
cess of  hoisting  or  lowering.  Any  of  these  causes  might  result 
in  the  rods  dropping  from  a  great  height  in  the  borehole,  and 
subsequent  impossibility  of  recovering  them ;  although  with  the 
appliances  now  at  the  command  of  the  drill  runner  it  is  seldom 
that  the  wrecked  rods  cannot  be  withdrawn.  In  any  event, 
however,  a  long  time  is  required  for  the  recovery  of  tlie  rods, 
leading  to  direct  loss  and  reduction  of  the  average  rate  of 
boring. 

The  avoidable  causes  of  delay — apart  from  carelessness 
in  the  running  of  the  plant — refer  especially  to  silting  of  the 
borehole,  jamming  of  the  rods,  or  too  great  pressure  on  the  bor- 
ing bit.  Silting  can  only  occur  if  through  want  of  attention 
on  tlie  part  of  the  runner  the  rods  are  lowered  into  the  borehole 
before  the  pump  is  started,  or  in  case  of  a  mud-rush  whilst  the 
pump  is  stopped.  The  special  value  of  a  hydraulic  feed  i& 
shown  in  such  a  case,  as  the  rods  may  be  worked  up  and  down 
at  the  will  of  the  runner  without  stopping  the  engine. 

Jamming  can  occur  through  bad  setting  of  the  boring  bit, 
which  reduces  the  gauge  of  the  hole  and  allows  no  clearance  for 
the  rods.  A  heavy  deflection  of  the  bore-hole  may  also  cause 
the  rods  to  jam. 

Too  great  pressure  on  the  boring  bit  results  in  heating  the 
carbons,  chipping  or  tearing  them  out  altogether;  and  in  sub- 
sequent loss  of  time  in  **  fishing  "  for  the  stones  with  a  bit  filled 
with  beeswax.  Such  accidents  have  a  direct  effect  upon  the 
average  rate  of  boring. 

A  most  frequent  source  of  delay  in  boring  is  the  loss  of 
water  in  the  borehole,  which  is  at  once  dangerous  to  the  boring 
bit,  and  a  cause  of  loss  of  information  to  the  drill  runner,  in- 
asmuch as  the  rock  chippings  are  not  returned  to  the  surface 
for  his  inspection,  and  in  localities  where  water  is  scarce,  might 
lead  to  the  abandonment  of  the  hole.  The  reason  for  the  water 
loss  is  the  presence  of  fissures  in  the  rock.  These  difficulties 
can  often  be  overcome  by  introducing  cement,  corn-meal,  or 
sawdust  into  the  hole,  but  if  these  fail,  it  is  necessary  to  ream 
and  case  the  hole  to  the  depth  of  the  fissure  and  beyond,  a  pro- 
cess which  in  some  instances  would  be  more  costly  than  the 
starting  of  an  entirel}*  new  hole. 

The  rate  of  boring  in  average  Witwatersrand  conditions 
for  a  hole  1,000  ft.  in  depth  might  be  placed  at  25  to  30  ft.  per 
dav.  For  holes  2,000  ft.  in  depth  the  rate  would  be  from  17 
to  22  ft.  per  day;  for  holes  3,000  ft.  in  depth,  from  13  to  17  ft. 
per  day :  and  for  holes  3,500  ft.  in  depth,  from  10  to  13  ft.  per 
day.  These  averages  make  allowance  for  all  ordinary  delays, 
but  do  not  include  the  extraordinary  delays  which  are  pre- 
viously described.  The  average  drilling  rate  of  a  number  of 
"Witwatersrand  bore-holes  is  given  in  a  table  attached  to  this 
paper. 
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sizing  up  moue-hole  results. 

It  is  axiomatic  that  bore-bole  results,  on  tbe  Witwatersrand 
at  least,  sbould  be  accepted  rather  as  proving  horizon  than 
value.  A  bore-hole,  after  all,  will  only  sample  a  very  fractional 
part  of  the  area  under  exploration,  and  the  results  which  it 
gives  may  for  the  following  reasons  be  verj-  unsatisfactory,  if 
not  entirely  misleading  :  — 

1.  It  may  pass  into  a  dyke  from  which  it  cannot  emerge 
within  reasonable  depth,  as  in  PI.  XXV. 

2.  It  may  pass  into  a  dyke  which  causes  an  overthrust  of 
the  mineralised  or  metalliferous  body  sought,  as  in 
PI.  XXVI. 

3.  It  may  pass  through  a  fault  plane  on  which  the  body 
sought  is  displaced,  as  in  PI.  XXVII. 

4.  It  may  be  deflected  by  a  hard  plane  underlying  reef 
matter,  as  in  PI.  XXVIII. 

5.  It  may  strike  a  portion  of  the  body  sought  which  is 
wider  or  narrower,  richer  or  poorer,  than  average. 

(The  writer  has  been  unfortunate  enough  to  experience 
cases  2  and  3  in  bore-holes  on  the  Band.) 

In  the  first  three  cases  no  definite  conclusions  could  be 
arrived  at,  either  as  to  horizon  or  value,  and  the  whole  capital 
and  time  sunk  in  the  undertaking  would  have  been  wasted.  In 
the  fourth  case  the  apparent  width  and  value  of  the  body  would 
be  greatl}'  exaggerated,  as  the  drill  might  possibly  core  10  ft. 
of  valuable  material  in  places  where  there  is  only  an  actual 
thickness  of  3  or  4  inches. 

In  the  fifth  case  the  consequences  might  be  either  over- 
estimation  or  under-estimation  of  the  area  under  test. 

The  obvious  deduction  is  tliat  more  than  one  hole  should  be 
bored  in  testing  an  area.  Such  a  policy  provides  a  safeguard 
against  the  unsatisfactory  experiences  which  have  been  enu- 
merated; gives  data  for  figuring  approximately  the  dip  and 
strike  of  the  deposit;  and  indicates  any  great  faults  which  may 
exist  between  the  bore-hole  sites.  In  all  instances  in  which  it 
is  possible  tlie  boring  programme  should  be  prepared  before- 
hand and  the  holes  started  simultaneously,  thus  avoiding  the 
loss  of  time  which  accrues  if  for  any  cause  one  of  the  boreholes 
is  lost,  or  yields  only  negative  results. 

During  the  boring  operations  the  cores  should  be  carefully 
examined  by  experienced  men,  and  a  proper  log  book  kept  of 
all  rod  drawings,  stoppages,  loss  of  core — in  fact,  every  item  of 
interest.  In  cases  in  which  the  drilling  is  not  a  contract  job, 
careful  records  should  be  kept  of  labour,  stores,  fuel,  repairs, 
time,  etc.  The  drilling  records  recommended  by  the  writer 
are  shown  below,  the  Log  Book  being  kept  in  the  drill-house 
and  the  Core  Book  in  the  core-house. 
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The  strata  parssed  tlirough  slioiild  be  carefully  noted  and 
transferred  to  a  proper  diagram  drawn  to  scale,  whilst  the  core- 
itself  should  be  preserved  for  comparison  or  inspection  at  any 
future  date.  Dips  of  strata  arrived  from  the  stratification 
planes  of  core  are  very  hazardous,  and  at  most  only  guesses, 
which  in  the  case  of  deflection  in  the  bore-hole  would  be  utterly 
wrong.  This  can  only  be  arrived  at  accurately  from  a  series  of 
bore-holes  in  unfaulted  country,  when  data  is  furnished  which 
can  be  used  mathematically. 

In  sizing  up  data  from  boreholes  it  will  therefore  be  under- 
stood that  tliere  must  necessarily  be  great  reliance  upon  the 
judgment  and  experience  of  the  person  acting  in  an  advisory 
capacity.  Comparisons  of  rocks  requiring  expert  opinion  are 
necessary,  and  a  knowledge  of  the  general  stratigraphy  and  of 
the  special  features  of  the  valuable  body  sought.  Without 
these  qualifications  in  addition  to  the  ordinary  attainments  of 
an  engineer,  no  reliable  deductions  are  possible,  when  borings 
deep  holes  in  geologically  difficult  country.  More  especially  it 
should  be  recognised  that  values  obtained  from  bore-holes  on 
Witwatersrand  formations,  whether  good  or  bad,  should  be 
accepted  with  all  reserve,  and  with  due  ccmsideration  to  other 
factors  which  enter  into  the  case. 

COST  OF  DRILLING. 

The  cost  of  diamond  drilling  may  be  divided  into  the  foK 
lowing  itenjs  :  — 

White  labour. 

Native  labour. 

Carbons. 

Water. 

Fuel. 

Transport,  erection,  and  dismantlement  of  drill. 

Maintenance. 

Reaming  and  casing. 

Depreciation. 
^^}liic  Labour. — A  drill  requires  three  white  men  to- 
operate  it,  namely,  two  runners  and  a  foreman,  who  is  also  the 
diamond  setter.  A  fourth  man  to  take  charge  of  the  core  i» 
usually  employed.  The  wages  of  the  foreman  will  be  from  £40 
to  £G0  per  month,  and  the  drillers  are  usually  paid  £30. 

y alive  Labour. — The  natives  required  generally  number 
four,  namely,  one  (m  each  shift  for  nring  the  boilers.  The 
average  cost  of  natives,  including  food,  is  £4  per  month. 

Carbonados. — The  cost  per  foot  drilled  for  carbons  varies, 
directly  as  to  the  nature  of  the  rock,  and  the  care  and  skill  of 
the  diamond  setter  and  drill  runners.  The  boring  bit  is  set 
generally  with  about  20  carats  of  carbon,  and  in  free  cutting 
rock  one  setting  of  the  crown  may  last  50  ft.  or  more,  whilst  in 
ground  badly  fissured  and  of  a  flinty  nature  the  crown  may  have 
to  be  re-set  every  10  ft.  of  boring.     This  statement  does  not 
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mean  that  the  total  weight  of  carbons  will  have  been  used  in 
the  distances  named,  but  only  that  by  abrasion  the  cutting  edges 
will  have  been  ground  away,  and  a  fresh  setting  will  be  required 
to  keep  clearance  in  the  hole.  The  actual  wear  of  carbons 
varies,  of  course,  with  the  conditions  attending  the  boring,  and 
may  range  between  a  carat  in  10  ft.  to  a  carat  in  50  ft.  On  the 
Witwatersrand  the  average  is  probably  one  carat  for  everv  15  to 
20  ft.  bored. 

The  cost  of  carbons  varies  directly  as  to  the  demand.  The 
whole  produce  of  Bahia,  Brazil,  passes  through  the  hands  of 
one  firm  of  dealers,  and  is  a  virtual  monopoly.  The  causes — 
apart  from  demand — operating  to  keep  carbon  high  in  price  are 
the  scattered  nature  of  the  diamondiferous  deposits,  the  low 
yield,  and  the  laborious  methods  employed  in  the  collection  of 
the  stones.  No  response  can  therefore  be  made  to  sudden  heavy 
demands,  with  the  result  that  the  price  per  carat  is  a  very 
fluctuating  quantity.  The  writer  has  known  variations  in  the 
past  12  years  between  £5  and  £15  per  carat.  The  price  at  the 
time  of  writing  is  about  £15  per  carat.  A  loss  of  1  carat  for 
every  15  to  20  ft.  would  therefore  amount  to  approximately 
£1  per  foot  drilled. 

Water, — ^Water  is  a  sine  qua  non  of  diamond  drill  opera- 
tions. Steam  power  being  used  in  most  cases,  water  is  required 
for  that  purpose,  and  it  is  essential  in  the  boring  operations 
proper,  for  the  purpose  of  keeping  the  boring  bit  cool  and  for 
returning  the  rock  cuttings  to  surface. 

The  cost  for  water  necessarily  depends  on  its  locality — 
with  reference  to  the  bore-hole  site — and  the  quantity  required. 
It  may  be  plentiful  and  near  at  hand,  or  scarce  and  distant.  If 
plentiful  and  close  there  is  no  need  to  conserve  it  with  great 
care,  if  scarce  and  distant  every  precaution  must  be  taken  to 
save  it. 

The  quantity  of  water  required  for  a  drilling  outfit  capable 
of  boring  a  3,000  ft.  hole  would  be  somewhat  as  under :  — 
For  boiler  (to  supply  steam  to  drill, 

pump,  etc.)       ...         3,000  gallons  per  day 

For  drill  rods  (allowing  that  all 
except  15  per  cent,  of  the  water 
pumped  in  is  returned  to  sur- 
face)        12,000  gallons  per  day 

Total  15,000  gallons  per  day 

If  the  water  is  lost  in  a  fissure  and 
the  pump  is  run  at  average 
speed  the  quantity  required  per 

day  would  be  80,000  gallons  per  day 

No  allowance  is  made  for  the  water  used  in  the  hydraulic 
cylinder,  as  that  may  be  caught  and  re-used  without  loss. 

No  estimate  of  water  cost  of  general  application  can  there- 
fore be  made. 
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Fuel. — The  eost  for  fuel  per  foot  drilled  depends  upon  the 
quality  of  coal,  the  transport  cost,  the  price  for  coal  at  the  pit 
mouth,  and  the  rapidity  of  the  rate  of  drilling. 

For  a  machine  capable  of  drilling  a  liole  3,000  ft.  deep,  the 
fuel  consumption  might  be  reckoned  at  from  15  to  20  cwt.  per 
working  day.  If  wood  fuel  be  available  the  quantity  required 
is  2  to  2^  times  the  weight  of  coal. 

71ie  Cost  of  Transport,  Erection ,  and  Dismantlement  of  the 
drilling  plant  and  outfit  to  and  from  the  boring  site,  must  be 
made  a  charge  against  the  borehole.  A  small  machine  can  be 
erected  complete  with  derrick,  house,  etc.,  in  about  four  days 
clear,  and  no  machine  should  take  longer  than  a  week  to  get 
into  working  shape. 

The  cost  per  foot  drilled  of  these  operations  will  naturally 
vary  as  to  distance,  accessibility,  and  method  of  transport. 

Delays, — This  item  cannot  be  figured  upon.  Delays  may 
be  caused  through  attempts  to  prevent  loss  of  water  in  the  bore- 
hole ;  jamming  or  breakage  of  the  drill  rods ;  loss  of  carbons  in 
the  bore-hole ;  breakdown  in  the  engine  or  hoist.  These  delays, 
besides  being  costly  in  themselves,  involve  in  some  cases  the 
purchase  of  new  parts,  therebj^  adding  to  the  expense. 

Maintenance, — This  item  must  be  separately  figured  in 
each  case.  It  covers  repairs  and  renewals  to  the  working  parts 
of  the  machine,  and  is  in  some  bore-holes  a  heavy  charge  per 
foot  drilled. 

Reaming  and  Casing. — If  it  be  found  necessary  for  any 
reason  to  increase  the  diameter  of  the  bore-hole,  reaming  is  re- 
sorted to,  an  operation  performed  by  a  special  tool  set  with 
carbons.  Again,  if  fissures  or  badlv  standing  ground  be  encoun- 
tered, which  it  is  thought  advisable  to  case  with  tubing,  the 
hole  must  be  reamed  an  increased  diameter  to  take  the  casing. 
The  cost  of  reaming  and  casing  per  foot  will  sometimes  exceed 
the  original  cost  of  boring.  Each  particular  case  must  be  sepa- 
rately treated,  and  therefore  no  cost  figures  can  be  estimated 
for  general  application. 

Depreciation. — As  a  diamond  drill  plant  is  subject  to  severe 
usage,  its  cost  should  be  written  off  at  the  rate  of  20  per  cent, 
per  annum.  A  heavy  equipment  on  the  Witwatersrand  would 
cost  £5,000,  and  the  monthly  charge  for  depreciation  would  be 
at  the  rate  of,  say,  £85  per  month. 

The  following  bore-holes  and  data  were  supplied  to  the 
writer  by  the  courtesy  of  the  firms  interested  :  — 
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The  following  figures  show  some  itemised  costs  of  a  3,000  ft. 
bore-hole  sunk  on  the  Eastern  Witwatersrand  on  a  property 
with  which  the  wi-iter  is  connected. 

The  distance  from  the  railway  station  is  14  miles.  Coal 
is  convej'ed  by  a  wagon  a  distance  of  14  miles.  Water  is  con- 
vejed  by  wagon  a  distance  of  one  mile. 

The  formaticm  consists  in  the  upper  sections  of  the  hole  of 
fragnienlary  chert y  rock  and  diabase,  and  in  the  lower  sections 
of  quartzite  and  diabase. 
White  Wages       amounted  to  £2,210  equal  to  14.80s.  per  foot. 


Native  Wages 

>» 

£323 

» 

2.15s. 

Fuel 

» 

£507 

a 

3.38s. 

Water 

>> 

£208 

ti 

1.38s. 

Carbons  (average 

cost  £13  per 

carat) 

i> 

£2,993 

tt 

19.95s. 

Boring  Bits 

»> 

£50 

it 

0.33s. 

Oil  and  Repairs 
Casing  and  Reaming 

f? 

£203 

It 

1.35s. 

>> 

Nil. 

Nil. 

» 
»» 
>» 


Total         ...      £0,500        or        43.34s  per  foot. 
In  this  hole  1  carat  of  carbons  bored  onlj'  13|  feet. 


Rep.  So.  Afr.  Assoc.  Adv.  Sc-  ibQ* 


fl 

•■".■ 

'^ 

4-4    COGS  11 

n" 

w 

T\\ 

^ 

*'  ■  i 

[II 

«-| 

tik: 

i 

ArtaM*  rimu. 


C.  A.  Denny.    Diamond    Drilling 
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G.  A.  Dunny:    Diamond    Drilling 


G.  A.  Denny:    Diamond    Drilling 
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Outride  olaw 
Sullluau'a  Hydmulie  Fmd. 


Figs 


Stetional  vino 
Mliuan'a  Hytfrautia  Ffd. 


G.  A.  D»nny.     Diamond    Drilling 


Rep.  So.  Afr.  Assoc 


G  A.  Denny:    Diamond    Drilling 
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G.  A.  Denny:    Diamond    Drilling 
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tan  UfUr 


Stand  oipe. 

f^Sf 

'k. 

Casing  tuba. 

Drill  rod. 

u 

Cora  barral. 

Drive  »hoe. 

w 

Con  breaker. 

Con  Shell. 

X. 

Boring  bit. 

Tha  arroait  aheiv  the  liiraotion  of  th»  u/atar  in  the  Bore-hoi*. 

6.  A.  Danny:    Diamond    Drilling. 
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G.  A.  Danny:    DiBmond    Dn'lling 
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PLOTC  XXIV 


A     Tti9     Ift    0   enfU 
S.     Tha  eon-bami 
0     Tha  redue  ng  p  ug 
0      The  CO  yjf 

f      Tha  top  of  ca  y     whera  ue  oe  tff 
of  uiata  d  m  n  ihei 
^    F      Tha  ho  oui  d        rods 

nd  cata  tha  d  faction 
of  the  matar  current 


Saetloiml  vltm  of  Oavia  Gaiyx  Drill 
to  opamtioH.       '-■■' 


G  A.  Danny:    Diamond    Drilling 
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PLATS  XXVI. 


CROSS     SECTrON 
STRIKE     DYKE 


G-  A.  Dtnny:    Diamond    Drilling. 
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CROSS     SECTION 
STRIKE     DYKE 


G.  A.  Dtnny:    Diamond    Drilling. 
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0.  A,  Denny:    DiBmond    Drilling 


Rep.  8o.  afr.  Aesoc.  Aov.  sc..  iao4. 


Plate  XXVIII 


Bore  s/'ruck  reef  at  this  point: 


Bore  left  reef  at  fttis'poinr 


G.  A.  Danny;    Diamond    Drilling 


25.— HYDRAULIC  SLUICING  AND  DREDGING  FOR 

GOLD. 

By  J.  H.  RoNALDsoN,  M.E. 
(Plates  XXIX.— XXXI.) 

It  would  be  impossible  within  the  limits  necessarily  im- 
posed on  a  paper  intended  for  this  Association  to  enter  into  a 
detailed  description  of  the  subject,  and  the  more  salient  features 
only  will  be  sketched.  The  utility  even  of  bringing  tliis  subject 
before  a  South  African  audience  may  possibly  be  questioned, 
and  it  may  be  objected  that  there  is  little  ground  in  South 
Africa  possessing  the  richness  and  character  requisite  for  the 
successful  application  of  systems  of  mining  Unequalled  in 
cheapness.  In  opposition,  however,  to  this  possible  view,  it  may 
be  urged  that  it  took  Australia  sixteen  years  to  follow  the  lead 
of  New  Zealand  in  dredging,  and,  although  it  has  been  the 
unfortunate  duty  of  the  writer  during  much  of  the  past  two 
years  and  a  half  to  advise  others  against  entering  on  dredging 
projects  in  different  parts  of  South  Afiica  and  of  Madagascar 
where  conditions  did  not  happen  to  be  suitable,  it  cannot  be 
assumed  that  no  suitable  ground  exists  in  either  place.  It  is 
the  hope  of  the  writer  that  this  short  paper  may  prove  of  some 
slight  interest  and  use  to  others  who  may  have  come  in  contact 
with  ground  in  the  countrv  amenable  to  treatment  by  one  or 
other  of  the  methods  to  be  described. 

It  will  be  evident  that  the  processes  under  review  are  appli- 
cable not  only  to  alluvial  gold,  but  to  stream  tin  and  to 
diamondiferous  alluvial  deposits. 

It  is  not  an  unreasonable  assumption  that  the  gold  first  used 
by  man  was  won  from  alluvial  gravels,  and  that  only  later  as 
art  advanced  step  by  step  falteringly,  through  the  long  ages, 
were  the  stores  of  golden  grains  locked  by  nature  in  her  rocky 
storehouses  brought  under  contribution.  It  is,  moreover, 
undoubted  that  the  bulk  of  the  gold  found  throughout  the 
world  was,  till  within  quite  recent  times,  the  product  of  alluvial 
digging,  and,  as  there  is  nothing  new  under  the  sun,  it  needs  no 
great  stretch  of  imagination  to  picture  a  miniature  "alluvial 
rush"  in  primaeval  times,  when  the  matter  of  disputed  claims 
was  settled  bv  the  expert  use  of  the  shinbone  of  an  ox  or  of  a 
smooth  pebble  from  the  brook.  It  is  known  that  as  far  back 
as  1100  B.C.  the  Phoenicians  were  working  the  gold  placers  of  the 
Guadalquiver  in  Spain ;  possibly  they  even  knew  of  the  **banket'* 
formations  in  that  country. 

It  appears,  however,  to  have  been  reserved  for  modern 
times  to  witness  ''alluvial  rushes,"  which  dislocated  the  frame- 
work of  society  and  sucked  into  their  wild  vortex  individuals 
from  all  countries,  of  all  colour,  of  every  creed,  and  of  any  or  no 
trade  or  profession.  Such  were  the  rushes  to  California,  Aus- 
tralia, and  NewZealand,scarcely  more  than  half  a  century  ago, 
when  sailors  deserted   their  ships  in   San   Francisco  and   ifel- 
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bourne,  when  poets  and  bill-posters,  schoolboys  and  veterans^ 
tradesmen,  labourers,  professional  and  cleric,  intoxicated  with 
anticipation  of  wealth,  braved  endless  privations  in  a  mad  rush 
for  the  goldfields.  Vast  as  have  been  the  quantities  of  gold  so 
won,  the  richest  and  the  best  of  these  diggings  have  had  but  an 
ephemeral  existence  as  **diggings,"  but  to  the  countries  in 
which  they  occurred  the  result  has  been  deep  and  permanent. 
Eeef-mining,  agriculture,  and  commerce  have  dogged  the  foot- 
steps of  the  hardy  alluvial  pioneer,  and  country  has  been  thereby 
opened  up  and  developed  with  a  rapidity  probably  never 
equalled. 

The  comparatively  rapid  exhaustion  of  the  rich  alluvial 
gravels  accessible  to  the  digger,  and  the  wealth  amassed,  acted 
as  an  incentive  and  provided  the  means  for  attacking  the  large 
deposits  of  gravel  too  poor  to  repav  the  individual  digger  with 
his  simple  and  crude  appliances.  From  this  point  we  have  the 
evolution  of  hydraulic  sluicing,  to  be  followed  later  on  by 
dredging. 

The  treatment  of  alluvial  deposits  for  the  winning  of  gold 
is  in  general  effected  by  the  following  three  methods :  — 

(a)  By  alluvial  miners  or  "  diggers  "  making  use  of  pick 

and  shovel  and  simple  gold-saving  appliances,  such 
as  the  dish  or  pan,  the  cradle,  or  a  rudimentary 
sluice-box  in  conjunction  with  water;  also  on  rare 
occasions  by  the  use  of  dry-blowing  apparatus  when 
water  is  unobtainable  and  the  yield  of  gold  is  high, 
as  was  the  case  in  the  early  days  of  Coolgardie  and 
Kalgoorlie,  in  Western  Australia. 

(b)  By  hydraulic  sluicing, 
(r)  By  dredging. 

HYDRAULIC    SLUICING. 

In  its  original  form,  and,  where  applicable,  hydraulic 
sluicing  provides  the  simplest  and  cheapest  method  of  recovering 
alluvial  gold.  Water  supplies  at  once  the  power  for  breaking 
down  and  disintegrating  the  gravel  deposit,  the  medium  for  the 
separation  of  gold  from  gravel,  and  the  vehicle  for  transporting 
the  debris. 

The  essential  conditions  for  its  successful  application  in  its 
simplicity  are,  first,  a  large  supply  of  water  at  a  considerable 
elevation  above  and  capable  of  being  brought  within  a  reason- 
able distance  of  the  working  point,  and,  secondly,  a  sufiicient 
fall  or  get-away  for  the  debris.  An  absence  of  one  or  both  of 
these  conditions  has  led  to  the  introduction  of  increnious  modifi 
cations  whereby  the  deficiency  may  be  made  good;  and  we  may 
conveniently  classify  the  system    and    its    modifications      as 

%  «  •- 

follows :  — 

A.  Hydraulic  sluicing  with  a  natural  head  of  water  and 

sufficient  fall  for  a  clear  get-away  for  the  debris. 

B.  ITydrauHc  sluicing  with  a  natural  head  of  water  and 

a  hydraulic  elevator,  but  without  a  clear  get-away. 
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c.  Uydraulic  sluicing  with  a  natural  head  of  water  and 
a  water-driven  centrifugal  pump  elevator,  but  with- 
out a  clear  get-away. 

D.  Hydraulic  sluicing  with  an  artificial  head  of  water, 

and  with  sufficient  fall  for  a  clear  get-away. 

E.  Hydraulic  sluicing  with  an  artificial  head  of  water, 

without  fall  for  a  clear  get-away,  and  with  a  centri- 
fugal pump  elevator. 
Methods  a,  b,  and  c  necessitate  a  large  water  supply  at 
considerable  elevation.  It  seldom  occurs  that  such  a  supply  is 
found  in  close  proximity  to  the  deposit,  and  it  is  usual  to  tap 
some  stream  or  streams  at  a  sufficient  elevation,  and  lead  the 
water  in  a  channel  or  **•  ditch,"  with  a  fall  of  from  6  to  20  feet 
to  the  mile,  and  following  the  contour  of  the  hillsides  to  a 
point  above  and  as  close  to  the  work  as  practicable.  These 
head  races  or  ditches  are  sometimes  of  extraordinary  length,  as 
in  the  case  of  the  Milton  Ditch  in  California,  which  was  84 
miles  long.  Particulars  of  a  few  Calif ornian  ditches  are  given 
in  the  following  Table  A :  — 

TABLE    A. 

•examples  of  (  alifornian  ditches. 


Length 

in 
Miles. 

W 

in 

At 
Top. 

idth 
Feet 

■' s 

At 
Bottom. 

Depth 

in 
Feet. 

Grade 

in  Feet 

per  Mile. 

Cost. 

Discharge 

in 
Cub.  Ft 

per 
Second, 

North  Bloomfield... 

55 

8.65 

5 

34 

16 

£ 
93,340 

80 

Milton  Company  ... 

84 

7.6 

4 

34 

12  to  30 

92,6(K) 

75 

Eureka  Lake 

18 

— 

— 

51,000 

62 

San  Juan  &  Branches 

45 

— 

— 

— 

— 

58,598 

32 

Excelsior  Smartville 

33 

8 

m0 

4 

9 

42 

La  Grange 

•20 

9 

6 

4 

7  to  8 

90,000 

60 

The  greater  part  of  La  Grange  ditch  is  cut  in  granite. 

From  the  end  of  the  ditch  the  water  is  led  in  thin  wroucrht 
iron  pipes  from  16  to  24  inches  or  more  in  diameter  down  the 
hillside  to  a  '*Giant"  or  '^Monitor,"  provided  with  a  nozzle 
which  may  vary  from  \\  to  6  inches  in  diameter.  The  "Giant" 
has  a  swivelling  movement  horizontally  and  vertically,  and 
throws  a  jet  with  tremendous  force  wherever  required  against 
the  gravel  bank.  The  velocity  of  flow  from  a  nozzle  under 
various  heads  of  water  is  shewn  in  the  following  table :  — 

*  A,  J.  Bowie,  Jun. 
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Head  of  water  in  feet...  50  100  150  200  250  300  350  450 
Velocity  of  jet  in  feet 

per  second  ...  57      80      98    113    127    139    150    163 

Method  A. — Where  a  good  fall  exists  the  water  and  the 
gravel  are  led  away  in  a  sluice  cut  in  the  bedrock  and  pitched 
with  cobbles  or  wooden  blocks.  The  gold  is  caught  between 
the  interstices  of  the  paving,  which  is  taken  up  at  intervals  in 
order  to  collect  the  gold.  It  is  a  common  practice  to  pour  a 
quantity  of  mercury  into  the  sluice-box. 

Where  an  insufficient  fall  exists,  methods  b  and  c  may  be 
employed,  and  in  both  cases  a  portion  of  the  water  is  used  as  the 
motive  power  in  elevating  the  debris  and  the  water  already 
used  for  breaking  down  the  gravel. 

Method  B,  The  hydraulic  elevator  in  essence  consists  of  a 
column  of  pipes  placed  more  or  less  vertically  with  the  lower 
end  leading  from  a  sump-hole  into  which  the  broken  down 
gravel  is  swept,  and  with  the  upper  end  delivering  cm  to  an 
elevated  sluice-box.  A  jet  of  water  from  the  power  column  is 
introduced  to  the  lower  end  through  a  specially  constructed 
pipe  and  nozzle.  The  rush  of  water  from  the  nozzle  is  sufficient 
to  suck  up  the  water,  gravel,  and  gold  from  the  sump-hoh»  and 
force  the  mixture  upwards  through  a  constricted  and  hardened 
throat-piece  and  the  rising  column  to  the  elevated  sluice-box. 

By  this  process  water  and  gravel  can  be  elevated  fnmi  10 
to  15  feet  for  every  100  feet  vertical  of  the  power  column. 

Method  C, — The  centrifugal  gravel  pump  has  been  evolved 
from  a  long  course  of  experience  in  Australia,  and  is  noticeable 
for  the  special  form  given  to  the  runner,  the  renewable  hardened 
internal  lining,  the  remarkable  resistance  to  wear  and  tear, 
the  general  high  working  efficiency  and  the  large  amount  of 
material  it  can  treat.  The  actuating  power  in  Method  C  is 
obtained  through  a  Pelton  wheel  fixed  on  the  pump  shaft,  or  on 
an  independent  shaft,  and  driven  by  water  from  the  main 
power  column.  As  in  the  preceding  method  the  gravel  and  the 
water  are  sucked  from  a  sump-hole  and  elevated  through  a 
rising  column  of  pipes  12  to  15  inches  in  diameter  to  an  elevated 
si  u  ice-box. 

A  convenient  arrangement,  and  one  which  the  writer 
adopted  for  use  in  a  flat  river  valley  in  Portuguese  Manicaland, 
is  to  mount  the  pump  and  Pelton  wheel  on  a  pontoon  to  facilitate 
changing  their  position  from  point  to  point  as  work  progresses. 

In  this  and  in  the  preceding  method  the  debris  is  stacked 
on  a  spoil  heap,  which  usually  occupies  a  space  from  which  the 
gravel  has  been  previously  hydraidiced. 

Method  D. — It  not  unfrequently  happens  that  auriferous  or 
tin-bearing  deposits  occur  in  elevated  positions,  to  which  it  is 
practically  or  economically  impossible  to  lead  a  water  supply 
for  simple  hydraidicing.  Most  experienced  alluvial  miners  are 
acquainted  with  such  instances,  and  many  have  been  the 
schemes  and  many  the  failures  associated  with  these  conditions. 
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^Recourse  has  generally  been  had  to  steam-driven  pumps  for  the 
purpose  of  elevating  the  water  from  dam  or  river  at  a  lower 
level  and  to  provide  the  necessary  velocity  from  the  "giant 
nozzle"  for  breaking  down  the  gravel. 

The  failures  under  this  method  may  be  attributed,  apart 
irom  insufficiency  of  gold  or  water  supply,  to  an  under-estimate 
of  the  power  required  to  elevate  the  large  supply  of  water  abso- 
lutely necessary.  As  every  100  cubic  yards  of  gravel  require 
1,000  tons  of  water,  more  or  less,  it  is  evident  that  the  power 
required  must  be  a  most  serious  consideration,  and  that  only 
ground  of  comparatively  high  value  will  justify  the  initiation 
of  such  a  scheme. 

Method  E. — At  first  blush  the  conditions  obtaining  under 
this  head  would  appear  to  impose  difficulties  of  too  serious  a 
nature,  particularly  in  the  case  of  rather  poor  ground,  to  admit 
of  successful  results.  Yet  strangely  enough  the  method  to  be 
described  has  been,  and  is,  successfully  applied  in  Victoria  and 
Xew  South  Wales  to  the  treatment  of  gold  and  tin-bearing 
ground  varying  in  depth  from  12  to  60  feet,  and  even  to  80  feet. 

Table  b,  compiled  from  particulars  given  in  **The  Aus- 
tralian Mining  Standard"  of  January  14,  1904,  shews  that 
certain  sluicing  companies  in  Victoria,  with  a  capital  of  from 
£2,000  to  £8,000,  are  working  ground  in  abandoned  alluvial 
diggings,  and  in  stream  beds  of  a  value  of  from  3. IT  to  5.8 
grains  of  gold  per  cubic  yard  to  profit  on  the  small  capital 
involved. 

This  method  of  hydraulic  mining,  frequently  misnamed 
hydraulic  dredging,  may  be  shortly  described  as  follows :  — 

The  plant  consists  of  a  pontoon  strongly  constructed  of 
crossed  pme  baulks,  sheathed  with  pine  planks,  on  which  are 
placed  two  high-pressure  tubular  boilers,  a  compound  condens- 
ing engine,  one  centrifugal  pump  for  creating  the  artificial 
head  and  forcing  the  water  through  the  giant  nozzle  for  break- 
ing down  the  grkvel,  and  one  centrifugal  gravel  pump  for 
sucking  up  the  gravel  and  discharging  it  and  the  accompanying 
water  on  to  an  elevated  sluice-box,  where  the  gold  ijr  stream  tin 
is  caught.  In  certain  cases  part  of  this  sluice-box  is  erected  on 
the  pontoon,  and  the  remaining  portion,  leading  to  the  dump, 
is  erected  on  trestles,  but  the  better  system  is  to  have  the  whole 
erected  on  independent  trestles. 

The  pontoon  at  the  beginning  of  a  cycle  of  operations  is 
settled  on  a  levelled  portion  of  the  bed-rock  as  near  the  gravel 
bank  as  practicable,  the  jet  from  the  giant  nozzle  is  directed 
against  the  gravel,  which  is  swept  along  a  channel  prepared  in 
the  bedrock  to  the  sump-hole  close  to  the  pontoon,  from  which 
the  gravel  pump  sucks  water  and  gravel,  and  then  discharges 
them  through  12  or  14  inch  sloping  pipes  to  the  elevated  sluice- 
box,  as  illustrated  in  PI.  XXIX.,  Fig.  1,  which  shews  one  of  the 
claims  of  the  late  Hon.  John  Wallace,  at  Yackandandah,  Vic- 
toria. 
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When  the  gravel  face  gets  too  far  from  the  pontoon  to 
allow  the  gravel  to  be  swept  to  the  sump-hole,  a  new  site  is 
prepared  for  the  pontoon,  the  paddock  is  flooded  with  a  suffi- 
cient depth  of  water,  and  the  pontoon  is  floated  to  its  new 
?osition,  the  water  is  pumped  from  the  paddock  by  the  centri- 
ugal  pump,  or  is  drained  by  a  tail-race,  the  various  pipes  and 
sluice-boxes  are  refixed  and  nydraulicing  is  begun  again. 

The  sluice-box  is  at  least  80  feet  long  by  5  feet  wide,  and  is 
provided  with  special  riffles  and  perforated  plates  for  catching 
the  gold. 

To  run  this  plant  night  and  day  from  24  to  30  men  are 
employed,  and  the  working  cost,  of  which  fuel  forms  a  large 
item,  particularly  where  the  depth  of  gravel  is  great,  is  under 
favourable  conditi(ms  3d.  per  cubic  yard,  but  may  run  as  high 
as  6d.  In  economy  it  cannot  compare  with  simple  hydraulic 
sluicing  or  even  with  bucket  dredging,  but  it  is  superior  to  the 
latter  system  in  permitting  the  bed-rock  to  be  thoroughly  cleaned 
up,  and  in  being  particularly  applicable  to  ground  where  large 
boulders  occur.  It  is,  however,  evident  that  it  can  only  be 
advantageously  employed  in  ground  that  is  not  heavily  water- 
logged or  from  which  inflowing  water  can  be  readily  drained. 

DREDGING. 

As  the  class  of  auriferous  ground  available  for  the  simple 
operations  of  the  alluvial  miner  or  the  more  elaborate  installa- 
tions of  the  hydraulic  miner  became  rarer,  attention  was 
directed  to  the  untouched  gravels  lying  in  river  beds,  water- 
logged valleys,  and  even  to  ground  which  had  been  already 
worked  by  hand. 

The  first  attempt  to  work  this  class  of  ground  by  a  system 
of  dredging  appears  to  have  been  made  on  the  Clutha  River, 
near  Alexandra,  in  the  Middle  Island,  New  Zealand,  by  a  man. 
named  Brown,  who  constructed  a  simple  spoon-bucket  dredge. 
Mr.  W.  H.  Cutten,  of  t)unedin,  thus  describes  it:  — 

*  **This  spoon  was  simply  an  iron  ring  and  ox-hide  bag, 
attached  to  a  long  pole,  with  a  hauling  rope  fastened  to  an  iron 
ring  and  led  ashore  to  a  hand-winch.  The  method  of  working 
was  to  carry  the  pole,  with  the  bucket  attached,  out  into  the 
river  in  a  boat,  and  drop  it  down  to  the  "wash"  at  the  bottom, 
pressing  the  bucket  down  by  means  of  a  pole,  while  the  whole 
contrivance  was  hauled  along  the  bottom  to  the  shore  by  the 
winch.  The  "wash"  thus  obtained  was  then  cradled  in  an  ordi- 
nary miner's  cradle." 

The  next  step  was  the  fitting  of  spoon  and  winch  on  a  punt 
and  collecting  auriferous  wash  on  it  to  be  cradled  in  the  ordi- 
nary way.  About  the  year  1870  a  man  named  Sedeberg  applied 
steam  power  to  a  spoon- dredge,  but  the  operations  of  this  and 
other  spoon-dredges  were  greatly  retarded,  and  in  many  cases 

•  W.  H.  Cutten,  **  Dredging  as  a  Profitable  Means  of  Working  Alluvial 

Aunferous  Drifts." 
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rendered  ineffective  by  the  large  quantities  of  tailings  dis- 
charged into  the  Cliitha  from  the  sluicing  claims  operating  on 
the  banks. 

Finally,  at  the  instigation  of  an  engineer  named  Charles 
McQueen,  a  company  was  formed  by  Dunedin  and  Alexandra 
men  to  construct  a  large  elevator  bucket  dredge,  whicji  started 
w^ork  in  1882  on  the  Clutha  Eiver.  To  Charles  McQueen 
belongs  the  credit  of  practically  initiating  in  dredging  a  system 
of  placer  mining  which  has  had  a  wide  application  in  Xew  Zea- 
land, Australia,  and  America,  has  reached  Borneo,  Siberia,  and 
South  Africa,  and  is  to  be  again  tried  in  Madagascar. 

Quoting  again  from  Mr.  Cutten,  we  find  him  saying,  "In 
the  year  1889  a  wealthy  and  enterprising  Chinaman,  named 
*^ew  Iloy,  took  up  a  claim  on  the  Shotover,  a  tributary  of  the 
Clutha  Kiver,  which  was  known  to  be  rich  in  gold  in  the  early 
days.  A  company  was  formed  of  three  hundred  £10  shares,  and 
a  small  steam-bucket  dredge  put  on  the  claim.  Although  the 
ground  had  been  thrice  worked  by  hand,  twice  by  Europeans 
and  then  by  Chinamen,  the  dredge  got  so  much  gold  that  th(» 
£10  shares  rose  to  nearly  £250  each.  A  boom  set  in,  and 
ground  was  taken  up  in  all  manner  of  places,  quite  regardless 
of  its  gold-bearing  qualities." 

Before  proceeding  to  describe  a  modern  bucket-dredge,  it 
may  be  well  to  refer  to  the  conditions  under  which  it  can  work. 
Everyone  is  so  familiar  with  harbour  dredges  and  their  mode  of 
operation  that  it  is  necessary  to  correct  certain  pro-conceived 
ideas  that  may  not  unnaturally  be  formed  regarding  the  scope 
and  the  effects  of  gold  dredges. 

The  object  of  a  harbour  dredge  is  to  give  greater  depth  to 
channel  or  berth  by  the  removal  of  mud,  sand,  and  gravel, 
and  to  this  end  the  material  dredged  is  discharged  from  the 
buckets  into  a  hopper  in  the  dredge  itself  or  into  independent 
hoppers,  and  in  either  case  the  material  is  taken  out  to  sea  and 
discharged.  In  a  gold  dredge,  however,  the  material  raised  at 
ihe  front  of  the  dredge  is  merely  passed  over  gold-saving  appli- 
ances and  delivered  behind  the  dredge  into  the  river  or  valley 
from  which  it  was  taken;  and  in  the  case  of  a  river,  whether  it 
carry  a  depth  of  water  or  be  only  a  string  of  water  holes,  there 
need  be  no  change  of  general  conditions  through  the  operation 
of  dredging. 

Familiarity  with  harbour  dredges  naturally  engenders  the 
idea  that  a  considerable  depth  and  flow  of  water  are  necessary 
for  the  operations  of  a  gold  dredge,  and  it  is  on  this  feature 
particularly  that  one's  ideas  require  adjustment.  Suffice  it  to 
say  in  this  regard  that  wherever  sufficient  water  exists  in  the 
gravels  or  can  be  led  into  the  dock,  or  "  paddock  "  as  it  is  termed 
in  dredging  parlance,  to  float  the  dredge,  there  the  operations 
can  be  carried  on.     (See  PI.  XXXI.,  Fig.  1.) 

Dredging  in  Xew  Zealand  was  for  many  years  confined  to 
river  beds,  where  no  difficulty  existed  in  depositing  the  debris 
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beliiiul  the  dredge,  but  in  1894  Mr.  W.  H.  Cutten,  of  Dunedin, 
realising  the  enormous  possibilities  existing  in  the  gravel  of 
wide  river  valleys  whose  surface  stood  high  above  the  normal 
water  level,  designed  a  continuous  bucket  or  tray  elevator  for 
stacking  the  tailings  at  the  stern  of  the  dredge.  This  device 
"  caught  on  "  at  once,  and  widened  enormously  the  field  for 
dredging.  Dredges  working  under  these  conditions  are  shown 
in  Fig  2,  PI.  XXIX.,  and  Fig.  1,  PI.  XXXI.,  which  illustrate 
work  in  Araluen  Valley,  Xew  South  Wales. 

Within  the  limits  of  a  short  paper  such  as  this  it  is  impos- 
sible to  give  anything  but  a  general  sketch  of  the  features  of  a 
gokl  dredge,  and  it  may  sufficiently  elucidate  the  subject  to  give 
the  f ollowincr  brief  description  :  — 

The  hull  is  built  of  timber,  except  in  the  rather  rare  cases- 
where  special  conditions  have  led  to  the  use  of  iron  or  steel,  and 
in  plan  it  is  usually  rectangular  in  shape,  from  85  to  110  feet  in 
length,  25  to  30  feet  in  width,  while  in  depth  it  ranges  from  5 
to  7^  feet.  Running  longitudinally  from  the  bow  for  two- 
thirds  of  the  length  is  an  open  space  or  **  well,"  allowing  a  free 
upward  and  downward  movement  to  the  bucket  ladder.  In 
swift -runnincr  rivers  the  square  is  preferable  to  the  tapered  bow, 
as  less  **  jawing  "  results,  but  the  underside  of  the  bow  is  sprung 
or  bevelled  upwards.  For  working  in  **  paddocks  "  the  bow  is 
rounded  at  the  corners  to  facilitate  working  in  the  confined 
space. 

The  bucket  ladder  is  strongly  constructed  of  steel,  and  i» 
suspended  at  the  upper  end  by  trunnions  resting  on  the  gear 
framework,  and  at  the  lower  end  by  a  steel  wire  rope  attached 
through  heavy  multiplying  blocks  hung  on  a  gantry  at  the  bow 
straddling  the  well,  to  a  drum  of  the  winch,  and  can  thus  be 
raised  or  lowered  at  will. 

The  buckets,  constructed  of  steel,  with  heavy  spring  steel 
lips,  usually  form  the  alternate  links  of  a  continuous  chain,  but 
in  America  they  sometimes  constitute  each  link.  Their  capa- 
city in  modern  dredges  ranges  from  4  to  7  cubic  feet,  and  they 
move  at  a  speed  of  10  to  12  per  minute.  The  buckets  deliver 
their  load  on  a  drop  shoot,  and  from  this  point  there  are  two 
methods  of  treating  the  gravel. 

In  the  simpler  method  the  auriferous  gravel  is  delivered 
into  a  gold-saving  sluice-box  of  the  ordinary  type,  but  provided 
with  special  riffles,  and  is  finally  discharged  as  far  as  possible 
behind  the  dredge.  It  is  evident  that  this  class  of  dredge  can 
only  be  used  in  rivers  or  flats  where  the  gravel  is  low-lying  and 
comparatively  shallow.  (See  Fig.  1,  PI.  XXX.,  illustrating 
Tulloch  and  Hughan*s  Dredge,  Araluen  Eiver,  New  South 
A^ales.) 

In  the  second  method  the  gravel  passes  into  an  inclined  re- 
volving cylinder  or  trommel,  with  perforations  varying  in  dia- 
meter from  J  to  f  of  an  inch  at  the  upper  end  to  as  much  as  1 
inch  at  the  lower  end.     This  trommel  or  screen,  as  it  is  called. 
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may  vary  in  length  from  12  to  30  feet,  in  diameter  from  3  to  4^ 
feet,  and  may  be  single  or  in  duplicate.  (See  Fig.  2,  PI.  XXX.) 

Placed  as  high  within  the  screen  as  possible,  and  extending 
the  full  length,  is  a  water-pipe,  with  rows  of  perforations  on  the 
under  side,  from  which  a  shower  of  water  plavs  on  the  gravel. 
The  coarse  gravel  passes  out  at  the  lower  end,  and,  when  the 
conditions  do  not  necessitate  stacking,  falls  on  a  steel  shoot, 
which  drops  it  as  far  behind  the  dredge  as  possible,  as  shown  in 
Fig.  2,  PI.  XXX.  The  finer  material  and  the  water  which  have 
passed  through  the  perforations  in  the  screen  fall  on  a  series  of 
tables  generally  placed  athwart  ships,  sometimes  cm  one  side  and 
sometimes  on  both  sides  of  the  screen. 

The  tables,  whose  total  width  corresponds  to  the  Icngtli  of 
the  screen,  constitute  the  only  gold-saving  appliance,  and  are 
divided  longitudinally  in  3  feet  widths.  They  are  covered  with 
calico  overlaid  with  coarse  cocoa-nut  matting,  and  on  this  again 
is  laid  wire  netting  or  expanded  metal.  The  upturned  edges  of 
the  expanded  metal  form  a  series  of  riffles  guarding  the  crold 
entangled  in  the  rough  fibre  of  the  matting.  The  bulk  of  the 
gold  is  caught  at  the  top  of  the  tables  close  to  the  screen  and  on 
the  divisions  towards  the  top  end  of  the  screen.  Xo  mercury 
is  used  in  the  operation. 

Where  the  gold  is  fairly  coarse  and  shotty,  this  arrange- 
ment, cnule  as  it  may  appear,  gives  surprisincrly  good  result, 
but  where  the  gold  is  light  and  flakey  there  is  no  doubt  that  a 
large  percentage,  possibly  at  times  as  high  as  30  per  cent.,  may 
be  lost. 

The  possible  occurrence  of  nuggets  too  large  to  pass 
through  the  perforations  of  the  screen  has  exercised  the  minds 
of  many  dredging  men,  and  a  series  of  strong  riffles  is  sometimes 
placed  in  the  stone  shoot  leading  from  the  screen,  but  as  a  matter 
of  fact  little  gold  is  caught  at  this  point. 

As  previously  mentioned,  the  disposal  of  the  debris  wliere 
the  surface  of  the  ground  operated  on  is  very  little  above  water 
level  and  the  ground  is  not  deep,  is  easily  effected  by  means  of 
shoots  leading  behind  the  stern  of  the  dredge.  IJut  where  the 
debris  **  stacks  high  "  recourse  must  be  had  to  a  *'  tailings  eleva- 
tor "  of  one  kind  or  another.  The  sloping  continuous  tray  ele- 
vator designed  by  Mr.  Cutten,  as  shown  in  Fig.  1,  PI.  XX XI., 
has  been  in  use  since  1894,  and  has  done  very  good  work.  In 
America  rubber  belt  conveyors  have  been  suggested  as  a  substi- 
tute for  the  tray  belt. 

Another  extremely  ingenious  appliance,  invented  by  Mr. 
Peck,  of  New  Zealand,  has  been  applied  during  the  last  thi*ee 
years  to  several  dredges.  It  consists  of  a  drum,  with  two  blades 
or  beaters,  faced  with  heavy  manganese  steel,  making  240 
revolutions  per  minute.  The  gravel  and  sand  are  delivered 
into  the  drum  and  thrown  with  great  force  to  the  required 
height  behind  the  dredge.  Tailings  can  by  this  method  be 
piled  to  a  height  of  70  feet  above  water  level.    The  first  cost  of 
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this  elevator  and  the  six  horse-power  driving  engine  is  small, 
the  wear  and  tear  are  slight,  and  on  account  of  its  lightness, 
compared  with  the  tray  elevator,  it  effects  a  great  economy  in 
the  cost  of  the  hull.  The  Ngapara  Dredge,  New  Zealand,  fitted 
with  this  appliance,  is  illustrated  in  Fig.  2,  PI.  XXXI. 

It  is  now  possible  to  dredge  to  a  depth  of  50  feet  below 
water  level  and  to  stack  the  tailings  to  a  height  of  70  feet  above 
water  level,  at  a  cost,  under  favourable  conditions,  not  exceed- 
ing a  penny  per  cubic  yard,  facts  which  speak  volumes  for  the 
perseverance,  ingenuity,  and  management  of  New  Zealand 
engineers,  to  whom  is  chiefly  due  the  remarkable  progress  made 
in  this  industry. 

The  quantity  of  material  treated  by  a  gold  dredge  varies 
with  the  size  of  the  buckets  and  with  the  freedom  with  whioli 
the  gravel  falls  and  fills  the  buckets,  and  may  vary  from  5,000 
to  15,000  cubic  yards  per  week  of  144  hours. 

The  work  is  carried  on  night  and  day  in  eight -hour  shifts, 
and  the  staff  for  actual  manipulation  consists  of  one  dredge 
master,  three  winch  men,  and  three  stokers,  while  sundry  other 
labour  is  necessary  for  bringing  fuel  on  board  and  for  effecting 
repairs.  The  cost  of  placing  a  dredge  in  commission  ranges 
from  £5,000  to  £12,000. 

Passing  reference  only  need  be  made  to  other  styles  of 
dredges,  such  as  the  Priestnian  grab  dredge,  the  suction  dredge, 
and  the  shovel  dredge.  The  Priestman  dredge  has  been  pro- 
posed for  gold  dredging,  and  one  is  said  to  have  been  used  in 
South  America,  but  it  does  not  possess  features  likely  to  com- 
mend its  general  adoption.  Suction  dredges  have  been  proved 
again  and  again  quite  unsuited  for  the  conditions  common  to 
such  work,  and  shovel  dredges  working  on  the  principle  of  the 
steam  navvy,  which  have  been  tried  in  the  United  States  of 
America,  do  not  seem  to  have  gained  favour  there  with  the 
dredging  public. 

The  processes  for  recovering  alluvial  gold  just  described 
are  in  no  way  intricate,  in  fact  they  look  *'  as  easy  as  falling  off 
a  log,"  and  it  may  possibly  be  on  that  account  that  many  per- 
sons who  have  acquired  a  smattering  of  the  subject,  either 
theoretically  or  practically,  have  frequently  fallen  into  errors  in 
estimating  the  suitability  as  to  value  and  phjsical  condition  of 
ground  they  may  have  examined.  The  most  common  mistakes 
are  made  in  over-estimating  the  value  of  the  ground  through 
careless  or  inefficient  methods  of  testing,  in  under-estimating 
the  difficulties  arising  from  the  physical  conditions,  and  in  tlie 
application  of  wrong  methods  and  unsuitable  plant. 

Finally,  and  above  all,  the  initiation  of  permanent  work 
should  only  follow  thorough  and  satisfactory  investigation. 

The  laws  and  regulations  relating  to  dredging  have  been 
as  many  and  various  as  the  different  states  to  which  it  has  been 
introduced.  Each  Australian  state  must  needs  differ  in  its 
laws  from  New  Zealand  and  from  one  another,  as  in  their  rail- 
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way  gauges,  and  the  anomaly  was  at  one  time  seen  of  Xew 
South  Wales  levying  a  tax  of  one  pound  per  acre  per  annum 
for  dredging  areas,  while  Victoria  levied  half-a-erown.  Latterly, 
however.  New  South  Wales  fell  into  line  with  Victoria  and 
Queensland  in  this  respect. 

It  has  now  become  an  axiom  in  the  countries  where  dredg- 
ing has  obtained  a  footing  to  legislate  for  it  in  a  spirit  of 
liberality,  and  there  is  wisdom  in  this,  particularly  as  regards 
prospecting  areas,  for  dredging  is  an  industry  dependent  on 
ec(momv  in  all  directions.  To  act  otherwise  is  to  stifle  the 
industrv. 


EXPLAXATION  OF   PLATES   XXIX. —  XXXI. 

PUteXXTX.  : 

Fi^.  ].— Power  Hydraulic  Sluicing.  Yackandandah,  Victoria,  Australia. 
Fi'fi.  2.— Proprietary  Dredvre,  Araluen  Valley.  N.S.W. 

Plate  XXX. : 

'Fig.'  ].— TuUoeh  &  HuKban's  Dredge,  Araluen  R.,  N.S.W. 
Fig.  2.— Sofala  Co.'s  Dredge,  Turon.  R.,  N.S.W. 

Plate  XXXI. : 

Fig.  1.— Con.solidat€d  Co.'s  Dre<lge,  Araluen  Valley,  N.S.W. 

Fig.  2.— Ngai>ara  Dredge,  N.Z.,  fitte<l  with  Peck's  Centrifugal  Elevator. 
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Fig.  IL 
J.  H.  Rona/dson :     Hydraulic  Sluicing. 


26.— SOME  PEACTICAL  OBSEKYATIOXS  OX 

FORESTKY. 

By  D.  Gol'gh  Muldoox. 

For  the  most  part  a  knowledge  of  trees  can  best  be  obtained 
from  practical  experience  and  observation  on  trees  themselves. 
There  are  some  things,  however,  that  can  be  more  easily  and 
rapidly  learned  from  books.  Firstly,  we  can  learn  best  from 
books  important  and  peculiar  features,  and,  in  any  given  class, 
what  points  specially  require  attention;  seccmdly,  many  species 
foreign  to  particular  localities  must  of  necessity  be  studied 
from  books:  thirdly,  there  are  some  things  in  connection  with 
trees  that  can  be  more  readily  learned  from  books  than  from, 
experiment,  such  as  how  to  handle,  transplant,  and  cultivate 
them. 

Knowledge  will  be  gained  more  quickly,  and  will  be  more 
comprehensive  and  much  less  likely  to  include  erroneous  notions 
if  obtained,  not  alone  from  the  natural  objects,  but  in  part 
from  the  best  works  on  the  subject ;  so  in  sylvicultural  studies 
that  teaching  will  be  more  valuable  which  leads  the  student  to 
combine  original  investigation  with  the  study  of  the  literature 
dealing  with  his  subject. 

LIFE    rUOCKSSES. 

Trees  are  living  things,  with  vital  functions  and  parts. 
They  have  systems  of  digestion,  assimilation,  and  respiration, 
with  specialised  organs  for  carrying  on  the  various  processea 
in  much  the  same  manner  as  in  animals. 

In  correspondence  with  most  of  the  species  comprised  in 
the  vegetable  kingdom,  their  leaves  have  the  power  under  the 
action  of  sunlight  to  absorb  carbonic  acid  gas  from  the  air,  to 
break  it  up,  and,  with  the  carbon  obtained  and  water,  to  form 
starch,  returning  the  oxygen  to  the  air  unused.  Water  is  ab- 
sorbed directly  from  the  soil  through  the  roots  and  stems,  and 
carries  in  solution  such  mineral  compounds  as  the  trees  can 
readily  utilise.  These  are  drawn  away  to  the  branches,  stems^ 
and  roots,  there  c(mverted  into  living  substances,  and  made  a 
part  of  the  tree  tissues. 

To  cairy  up  the  supply  of  minerals  from  the  roots  to  the 
leaves  much  more  water  is  required  than  the  tree  can  utilise  in 
the  formation  of  starch.  The  excess  passes  off  as  vapour 
through  the  pores  of  the  leaves  into  the  atmosphere,  by  a  pro- 
cess of  transpiration. 

A  tree  breathes  for  the  same  purpose  as  an  animal.  It 
absorbs  oxygen  and  exudes  carbonic  acid  gas.  The  process  is 
not  centred  in  a  special  organ,  but  goes  on  over  all  parts  of  the 
leaves,  branches,  and  roots.  In  the  leaves  the  breathing  goes 
on  through  the  pores;  in  parts  of  the  trees  covered  by  bark  it 
goes  on  through  the  lenticles,  which  latter  can  be  recognised  in 
the  small  light-coloured  raised  spots  plainly  seen  on  the  grow- 
ing branches  of  nearly  all  trees.  Breathing  is  an  entirely 
separate  process  from  that  previously  mentioned,  in  which  air 
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is  absorbed  by  the  leaves,  split  up  into  carbon  dioxide  and 
oxygen,  with  retention  of  the  carbon  dioxide  and  exhalation  of 
the  oxygen.  Breathing  goes  on  both  day  and  night,  and  at  all 
seasons  of  the  year,  though  more  rapidly  in  summer  than  in 
winter. 

'    LIFE-HISTORY. 

A  tree  has  a  definite  life-history  as  an  organism,  with 
periods  of  growth,  maturity,  and  decline,  and  characteristic 
ilevelopnient  in  the  matter  of  form  and  size.  There  is  a 
marked  difference  in  the  rate  of  growth  of  different  trees,  and 
even  of  the  same  tree  at  different  ages.  Most  of  the  Pine 
family  grow  very  slowly  for  the  first  10  or  12  years,  and  much 
more  rapid  subsequently;  other  trees,  such  as  the  tulip  tree, 
grow  rapidly  for  40  or  50  years,  and  then  more  slowly.  Still 
others,  such  as  the  oaks,  have  a  very  regular  rate  of  increase 
throughout  the  growing  period.  Great  variation  exists  in  the 
age  at  which  trees  become  mature.  While  some  reach  matu- 
rity at  the  age  of  50  or  60  years,  many  of  the  most  valuable 
commercial  trees  only  reach  that  stage  at  the  age  of  150  to 
200  years.  The  redwood  of  California,  again,  is  not  mature 
before  the  age  of  1,000  years.  A  tree  will  continue  to  make 
some  growth  through  its  maturity  and  decline,  though  during 
its  maturity  its  height  growth  has  almost  ceased  and  its  dia- 
meter growth  is  slow.  Decline  begins  when  the  destructive 
forces  exceed  the  growth  forces. 

Given  the  same  climatic  and  soil  conditicms,  one  tree  will 
assume  one  form,  another  a  form  very  different.  The  beech 
will  form  a  round,  much-branched  top ;  the  red  cedar,  a  slender 
tree  with  a  central  stem.  The  oak  will  reach  majestic  propor- 
ti(ms;  the  dogwood  will  become  nothing  more  than  a  shrub; 
the  hickory  will  form  heavy  elastic  wood,  the  birch  that  which 
is  light  and  brittle.  The  pine  will  yield  resin  and  turpentine; 
the  oak,  tannin ;  the  maple,  sugar.  Thus  each  preserves  per- 
fectly its  identity  in  external  form  and  internal  structure  and 
composition. 

RErRODUCTIOX. 

A  tree  reproduces  either  by  seeds  or  buds.  In  nature,  re- 
production by  seed  is  more  common,  although  reproduction  by 
bud  is  quite  as  regular  as  by  seed  in  some  species.  The  ten- 
<lency  of  the  loquat  to  sprout  from  the  roots  and  of  oaks  to 
renew  growth  from  the  stumps  are  examples  of  bud  reproduc- 
tion. The  forester  in  handling  wood  land  depends  upon  both 
methods.  Such  trees  as  reproduce  only  by  seeds  he  Keeps  by 
leaving  seed  trees  distributed  over  the  land  when  the  crop  of 
timber  is  cut.  Those  that  reproduce  from  buds  renew  their 
growth  from  stumps  of  the  cut  trees.  Xot  (mly  does  bud  repro- 
duction take  place  when  the  buds  are  attached  to  the  parent 
tree,  but  also  when  separated  from  it.  A  tree  may  be  divided 
into  many  parts,  each  part  becoming  a  new  member.       This 
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g-ives  rise  to  propagation  by  cuttings,  grafts,  and  buds.  Many 
forest  trees  may  be  propagated  by  cuttings,  and  nearly  all  can 
be  grafted  and  budaed. 

FOOD. 

In  harmony  witli  all  other  living  things,  trees  require  food. 
Their  food  is  composed  of  the  carbonic  acid  obtained  from  the 
air,  and  the  water  and  mineral  compounds  obtained  from  the 
soil.  Carbon,  oxygen,  hydrogen,  nitrogen,  magnesium,  cal- 
cium, iron,  sulphur,  phosphorus,  potassium,  and  chlorine  are 
called  essential  elements,  because,  with  trees,  as  with  all  other 
plants,  their  presence  is  necessary  to  vigorous  life.  Other  ele- 
ments are  absorbed  when  present  in  the  soil  in  soluble  form, 
but  their  absence  causes  the  tree  no  loss  in  vigour.  The  ele- 
ments are  not  absorbed  separatelv  and  alone,  for  they  rarely 
exist  in  that  condition,  but  are  blended  together  with  one  an- 
other into  compounds.  Thus,  from  water  the  plant  obtains 
both  hydrogen  and  oxygen.  Potassium,  nitrogen,  and  oxygen 
are  often  united  in  the  form  of  potassium  nitrate — a  valuable 
plant  food. 

SOLUBILITY  OF  TLAXT  FOOD. 

Trees  are  able  to  absorb  the  mineral  compounds  only  as 
they  are  in  solution  in  the  water  taken  up  by  the  roots.  Many 
compounds  of  the  soil  which  contain  valuable  food  elements  are 
insoluble  in  water,  and  therefore  unavailable.  Thus,  while 
potassium  is  an  essential  element,  it  may  be  in  such  combina- 
tion with  aluminium,  silicon,  and  other  elements  as  to  be  in- 
soluble and  useless.  Chemical  changes  are  slowly  going  on  in 
the  soil  by  which  insoluble  compounds  are  converted  into 
soluble  compounds.  Cultivation  and  fertilisation  hasten  such 
<?hanges,  and  to  achieve  these  is  one  of  their  chief  purposes. 

QUANTITY   OF    FOOD. 

When  the  food  of  a  tree  is  in  available  form,  the  greater 
the  supply  the  more  rapid  the  growth.  Fertile  soil  has  an 
abundance  of  good  material,  with  the  result  that  a  tree  situated 
upon  it  grows  rapidly.  Sterile  soil  is  deficient  in  food  mate- 
rials, consequently  a  tree  situated  upon  it  grows  slowly.  Tlic* 
same  cause,  together  with  the  conservation  of  moisture,  ex- 
plains the  difference  in  growth  between  cultivated  and  unculti- 
vated trees  upon  the  same  kind  of  soil.  The  cultivated  tree, 
with  its  larger  store  of  food  and  moisture  and  its  protection 
from  tlie  competiti(m  of  weeds  and  grass,  rapidly  outstrips  its 
less  fortunate  neighbour. 

ESSENTIALS   TO   GROWTH. 

A  tree  can  only  grow  when  supplied  with  air,  light,  mois- 
ture, and  heat. 

Air  is  necessary  because  it  supplies  the  oxygen  used  in  the 
process  of  respiration,  and  holds  the  carbonic  acid  gas  used  in 
forming  starch. 


372  Report— 1904. 

Light  is  essential  that  the  tree  may  carry  on  its  process  of 
digestion.  So  sensitive  is  a  tree  that  it  will  change  its  form 
and  liabit  of  growth  to  obtain  the  quantity  it  needs.  In  a 
thickly-planted  group  of  trees  tlie  edge  will  bend  outwards, 
whilst  those  in  the  interior  will  grow  tall  and  slender,  the 
growth  of  each  hastening  in  the  direction  of  greatest  light.  In 
the  absence  of  light  a  tree  ceases  the  process  of  digestion  by 
which  its  food  is  prepared  for  use,  and  in  a  short  time  even  loses 
the  organs  concerned  in  its  preparaticm — that  is,  the  chlorophyll 
bodies  which  give  the  green  colour  to  the  leaves. 

The  necessity  of  moisture  is  a  matter  of  common  observa- 
tion. Water  is  (me  of  the  chief  agents  in  the  nutrition  of  a 
tree,  as  already  mentioned,  entering  into  its  food  in  large  quan- 
tities and  serving  as  a  carrier  of  food  materials  from  the  root 
to  the  leaves.  With  tlie  diminution  of  its  water  supply  a  tree 
lessens  its  growth  and  sheds  part  or  all  of  its  leaves  in  its 
endeavour  to  survive.  If  the  supply  continues  to  decrease  it 
finally  witliers  and  dies.  Yet  in  their  demands  for  water  trees 
differ  vastly.  Some  can  thrive  only  with  their  roots  in  con- 
stantly saturated  soil,  as,  for  example,  the  Tamarack  of  the 
Northern  and  the  Bald  Cypress  of  the  Southern  States.  There 
is  every  degree  of  variation  between  trees  of  this  character  and 
tliose  of  the  desert,  where  the  annual  rainfall  is  limited  to  a 
few  inches. 

Every  tree  is  adapted  to  a  certain  range  of  temperature^ 
depending  upon  its  power  to  endure  heat  and  cold.  Some,  like 
the  palms,  can  thrive  only  with  a  c(mstantly  high  temperature, 
others,  like  most  of  the  oaks,  are  adapted  to  alternating  seasons 
of  heat  and  cold:  still  others,  as  some  of  the  birches  and  pop- 
lars, can  endure  extreme  and  continued  cold,  provided  they 
experience  a  short  period  each  year  warm  enough  for  growth. 
Such  adaptations  account  for  the  distribution  of  forests  over 
nearly  the  whole  of  the  earth's  surface  not  constantly  covered 
by  ice,  and  also  largely  for  the  character  of  the  forests  in 
different  regj(ms.  Temperature  and  moisture  principally  deter- 
mine forest  distribution  and  growth.  It  is  not  uncommon  to 
find  very  different  growth  on  the  north  side  of  a  mountain  from 
that  on  the  south  side. 

KFFECT  OF  CHAXtiK  IX   SUKKOUXDIXGS. 

A  change  in  the  surroundings  of  a  tree  always  modifies  its 
habit  of  growth.  If  the  change  is  towards  more  favourable 
surroundings,  the  result  is  seen  in  increased  vigour,  and  rate 
of  growth  and  size;  if  towards  unfavourable  surroundings,  the 
reverse  will  be  true.  The  stately  Eucalyptus  tree  of  Gippsland 
is  reduced  to  a  shrub  in  the  Mallee.  The  reason  for  this  is 
that  it  is  out  of  its  range  of  adaptation.  Many  other  species 
which  grow  tall  and  vase-like  in  Victoria  are,  in  the  semi-arid 
plains  of  (Queensland,  low  and  spreading,  like  an  apple-tree. 
Nor  is  the  form  the  only  variable  character.  On  the  western 
trees  the  leaves  are  fewer  in  number,  smaller,  thicker,  and  much 
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roii^lier  than  on  the  Gippsland  trees.  In  other  parts  of  tlie 
tree  there  are  differences  of  the  same  kind,  though  they  are 
not  so  noticeable  as  those  in  the  form  and  foliage.  Those  varia- 
tions have  resulted  from  the  difference  in  soil  and  climatic  con- 
<litions  to  which  the  tree  has  been  subjected.  The  difference  in 
form  between  two  trees  of  the  same  kind  in  different  localities 
has  come  about  through  gradual  divergence  of  characteristic's. 
To  a  certain  degree  changes  of  this  kind  can  be  brought  about 
in  practice.  When  a  gradual  change  is  made  in  the  surround- 
ings of  a  tree  a  corresponding  change  takes  place  in  the  tree 
itself.  Thus,  if  the  stock  of  the  eastern  Eucalyptus  be  slowly 
moved  west  through  many  generaticms,  it  will  gradually  change 
in  form  and  other  characteristics,  and  become  like  the  western 
tree;  and  it  is  obvious  that  this  change  is  necessary  to  enable 
it  to  live  under  the  new  conditions.  Sudden  changes  in  the 
•surroundings  of  a  tree  frequently  cause  its  death,  because  it 
■cannot  quickly  change  itself  to  meet  the  requirements  of  its 
new  conditions.  The  Gippsland  Bed  Gum  moved  at  once  to 
the  semi-arid  Mallee  is  likely  to  die,  because  it  is  not  adapted 
to  the  conditions  of  soil,  light,  heat,  and  moisture  of  that  region. 
In  many  of  the  swamps  and  marshy  parts  of  Australia  wheie 
once  the  Eucalyptus  of  the  moisture-loving  kind  used  to 
flourish,  the  draining  of  the  swamps  and  marshes,  and  conse- 
•quent  drying  out  of  the  soil,  has  caused  the  death  of  the  trees. 
Suddenness  and  intensity  of  change  often  accounts  for  the 
failure  of  trees  to  thrive  when  moved  away  from  the  regions  to 
which  they  were  adapted.  This  is  also  why  eastern  trees  so 
often  die  when  moved  to  the  west,  and  why  nursery  stock  grown 
in  a  given  vicinity  can  be  more  safely  planted  than  that  grown 
in  a  distant  region.  It  is  a  practical  matter,  and  should  be 
{generally  understood. 

PRACTICAL   FORESTRY    IX    THE    TRANSVAAL. 

The  advent  of  the  mining  industry  on  the  Rand  emphasised 
the  scarcity  of  timber  for  mining  purposes  in  the  neighbour- 
hood and  the  disadvantages  of  not  having  a  good  supply,  and 
inquiries  were  made  as  to  the  most  practical  and  economical 
means  of  procuring  timber.  Seeing  that  the  mining  com- 
panies, in  some  instances,  held  large  areas  of  fertile  land,  many 
■of  them  adopted  the  excellent  idea  of  planting  out  plantations 
of  Jlucalyptus  trees,  knowing,  as  many  of  them  did,  the  excel- 
lence of  this  timber  for  their  requirements.  Their  efforts  were, 
liowever,  of  very  little  avail,  owing  to  the  unfortunate  circum- 
stance of  having  planted  the  wrong  varieties.  Nor  was  this  the 
(mly  mistake,  as  it  was  found  that  the  soil  and  climatic  condi- 
tions were  so  favourable  for  the  production  of  trees  that  an 
■error  was  made  in  planting  them  too  closely  together,  thereby 
causing  them  to  grow  skywards  too  quickly,  and  become  lank. 
This  has  either  been  the  result  of  want  of  knowledge  of  the 
<^haracteri8tics  of  the  tree  planted  or  of  the  favourable  condi- 
tions for  the  growth  of  the  trees  in  the  Transvaal. 
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The  principal  species  of  tree  planted    is   the   Blue    Oum. 
For  mining  purposes  this  timber  is  practically  useless,  and  i» 
always  rejected  in  Australia  in  favour    of    the    more    durable 
hardwoods,  such  as  Yellow  Box,    Red    Gum,    Iron    Bark,    etc., 
which  preference  for  hardwood  is  reflected  in  the  respective 
prices,  Blue  Gum  being  obtainable  at  5s.  per  100  ft.  runnings 
measure,  and  Kcd  Gum  at  14s.  for  the  same  quantity.       Blue 
Gum  is  useless  for  any  underground    work,    such    as    fencing 
posts,  railway  sleepers,  ground  plates,  etc.,  and  it  is  never  used 
for  bridge  piles,  beams,  piers,  or  telegraph  poles.    Whilst  the 
hard  wood  vari<»tics  above  mentioned  are  all  in  great  demand 
for  fuel.  Blue  Gum  is  at  a  discount.     It  has  not  the  lasting  or 
heating  powers  of  Box  or  Bed  Gum,  and  is  useless  for  charcoal. 
Ued  Gum,  on  the  other  hand,  is  unsurpassed  for  charcoal-mak- 
ing, and  is  pr(»ferr(»d   by   many   smiths   to   the    best   coal,    on 
account  of  its  sparkless  nature.     It  also  takes  the  place  of  coke 
in  drying  hoj)s. 

All  of  the  hardw()()ds  of  Australia  grow  well  in  the  Trans- 
vaal. In  some  plantations  I  have  seen  Red  Gum,  Stringy  Bark, 
Jarrah,  White  (ium,  and  many  other  varieties,  but  in  very  few 
instances  have  they  had  any  higher  value  set  on  them  than  the 
Blue  (ium,  through  the  want  of  knowledge  on  the  part  of  the 
caretaker  in  charge.  In  (me  plantation  I  saw  stringy  bark 
trees,  (iO  ft.  high,  only  12  years  old,  and  in  the  same  plantation 
thcMc  is  a  clump  of  beautiful  Jarrah.  The  trees  are  the  pic- 
ture of  vigour,  and  are  sufficient  proof  that  this  valuable  timber 
tree  can  1h»  grown  in  the  Transvaal.  Nor  were  they  the  only 
ones  of  value.  In  the  same  plantation  are  to  be  seen  many  Red 
(jum  trees  doing  well,  notwithstanding  the  unfavourable  condi- 
tions under  which  they  are  planted,  being  only  spaced  6  ft.  by 
4  ft.,  when  th(\v  should  have  been  15  ft.  by  15  ft.,  with  a  row 
of  Black  Wood  between. 

In  the  Botanical  Gardens,  Durban,  I  saw  a  fine  specimen 
of  Iron  Bark.  This  valuable  wood  is  used  throughout  New 
Zealand  for  girders  and  heavy  work.  The  girders  are  shipped 
from  New  Soutli  Wales  to  New  Zealand  under  the  supervision 
of  an  expert,  who  passes  all  timber  before  shipment. 

Tlie  possibility  of  the  Transvaal  Ix^coming  a  great  yielder 
of  hardwoods  is  illustrated  by  the  fact  that  a  large  number  of 
the  Australian  hardwood  trees  are  growing  well  at  the  present 
time. 

Below  is  appended  a  list  of  the  trees  that  will  grow  well 
in  the  Transvaal  and  become  valuable  as  timber  producers:  — 
Ordinart/  Xames.  AhoriginaL 

Teak. 

Iteoch.  Binna  Burra. 

Cedar.  Woodgee. 

Cudger}'.  Cudgery. 

Boligum  or  She  Beech. 
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Ordinary  Names.  AboriyimxL 

Blue  Fig  (makes  excellent  sculls). 
Rosewood.  Kinga  Kinga. 

Red  Bean.  Boguni. 

Brush  Iron  Bark. 
Red  Gum. 
Stringey  Bark. 
Yellow  Box. 
Black  Wood. 

All  the  above  are  valuable  timber  varieties.  Some  of  them 
are  exported  to  Germany  to  make  piano  tops,  etc. 

The  less  useful  trees  are  the  following: — Ironwood  or 
BooyouK,  Redcarwood,  Sour  Apple,  Soap  Box,  Snap  Short, 
Pencil  Cedar,  Black  Apple,  Corduroy,  Tripe,  Sassafras,  Marble 
Wood,  Maiden's  Blush,  Satin  Wood,  Lime,  Lemon  Tree,  White 
Rosewood,  Lilly  Pilly,  Tameron  Toothache  Tree  (Yill  YiU)-  - 
said  to  cure  toothache — Coolaman,  Gray  Plum,  and  Water  Gum. 

FORESTRY    DEPARTMENT. 

In  order  to  inculcate  the  right  knowledge  and  enthusiasm 
regarding  trees  in  the  Transvaal,  it  seems  to  the  writer  that  a 
Forestry  Department  is  required — to  be  under  the  control  of  a 
practical  man-  -which  will  distribute  trees  gratis  to  all  appli- 
cants.    The    Government    would   have    the    first    call    on    the 
forestry  department  for  trees,  to  be  followed  in  order  by  muni- 
cipalities and  associations,  farmers,  and  land-holders.     A  care- 
ful record  of  all  trees  distributed  should  be  kept.     Packing  and 
delivering  to  railway  should  be  done  free  of  charge,  the  con- 
signee being  charged  only  with  the  carriage.     The  department 
to  have  free  access  to  all  lands  planted,  and  to  be  furnished  with 
a  statement  as  to  the.  condition  of  the  trees  which  have  been 
distributed  gratis.       This    practice    is    carried    out    in    South 
Australia  and  A'ictoria  by  the    respective    Governments,    and 
enormous  numbers  of  trees  are  distributed  annually.       These 
trees  are  nearly  all  sugar  gum  {Eucalyptus  croynocoly),  and  for 
a  dry  region  this  is  one  of  the  most    suitable    amoi\g,    timber 
Eucalyptus.       This  species  was  selected  and   introduced   into 
Algeria  as  far  back  as  1851.     It  can  withstand  protracted  heat 
and  cold,  and  is  certainly  deserving  primary  consideration  for 
quick  wood  culture.     It  is  deplorable  that  planters  in  the  Trans- 
vaal have  been  almost  universally  unacquainted  with  the  special 
qualities  of  their  timber  in  reference  to  technical  applications. 

now  THE   RAILWAY  DEPARTMENT  CAX  ASSIST  FORESTRY. 

If  the  railway  department  of  the  Transvaal  could  be  in- 
duced to  plant  trees  from  Yolksrust  to  Germiston,  along  the 
railway.  Eucalyptus  on  the  southern  side,  and  Acacia  on  the 
northem,  the  benefit  and  saving  in  fuel  would  be  great.  Only 
persons  experienced  in  locomotive  work  know  how  difficult  it  i«* 
to  maintain  steam  whilst  flying  across  that  bleak  portion  of 
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country.  Xor  is  the  shelter  to  the  engine  the  only  ffood  tliat 
would  result  from  the  planting  of  trees,  as  they  would  be  de- 
veloping into  potentially  valuable  sleepers;  beams  for  bridges; 
gate  posts;  and  timber  for  making  and  repairing  trucks.  A 
further  beneficial  result  of  the  suggested  planting  alon^  the 
lailway  would  accrue  by  reason  of  the  drainage  of  moisture 
from  the  road-bed,  which  would  obviate  sinking,  and  economise 
in  upkeep. 

Tlie  Kailway  Department  could  further  advance  the  <»bject 
of  forestry  and  liorticulture  by  giving  liberal  prizes  to  station- 
masters  in  each  district,  as  an  inducement  towards  ornamental 
planting  of  the  platforms  and  surrounding  lands.  In  award- 
ing the  prizes  the  judge  should  be  an  expert  horticulturist,  who 
should  take  into  consideration  the  skill  of  propagation,  and 
suitability  of  species.  This  is  important  in  its  bearing  upon 
future  growth,  witli  respect  to  obscuring  signals,  etc. 

FREE   DISTIUBUTIOX   OF   TKEES    «Y    GOVERNMENT. 

The  Government  could,  by  distributing  trees  gratis,  induce 
land-owners  to  plant  liardwood  trees  to  act  as  break-winds.  If 
the  land-owners  by  a  free  distribution  were  induced  to  plant, 
they  would  quickly  realise  their  value  and  plant  annually,  either 
trees  which  they  have  propagated  or  purchased.  I  woidd  advise 
farmers  to  plant  in  all  cases  hardwoods.  Stringy  barks  are 
very  easy  to  grow,  and  their  uses  are  legion,  but  care  must  be 
taken  not  to  plant  too  closely  say,  20  ft.  by  20  ft.  spacing,  or, 
if  the  gnmnd  is  limited,  15  ft.  by  15  ft.  will  be  sufficient.  Red 
(Vdar  or  Black  wood  could  with  advantage  be  planted  between 
the  rows.  The  Blue  Fig  of  Xew  South  Wales  is  well  worth  a 
trial  in  this  Colony,  and  is  a  handsome  and  useful  tree. 

TEACHING  FORESTRY  IN  STATE  SCHOOLS. 

State  school-teachers  should  be  induced  to  encourage  the 
children  to  plant  trees,  and  if  a  day  were  set  apart  for  that 
purpose  annually,  and  the  scholars  were  each  to  plant  a  tree,  it 
would  encourage  them  to  plant  also  at  their  homes,  thus  culti- 
vating a  liking  for  horticulture,  which  would  gradually  grow 
and  be  of  use,  not  only  to  them,  but  to  the  country  in  which 
thev  settle  hereafter,  whether  it  be  the  Transvaal  or  elsewhere. 
It  would,  in  my  opinion,  be  money  well  spent  if  the  Directors 
of  Education  had  an  expert  to  visit  the  schools  and  give  lectures 
on  forestry  and  horticulture,  and  its  practical  uses.  The  intro- 
duction of  this  scheme  would  create  in  a  short  time  an  appreci- 
able and  beneficial  change  in  the  surroundings  of  the  Transvaal 
homes. 

ASSOC  lATIONS    FOR    HEAl'TIFYINC;    TOWNS. 

In  many  of  the  cities  of  the  Australian  Colonies  associa- 
ticnis  are  formed  for  the  purpose  of  beautifying  their  towns  or 
cities.  These  associations  work  in  harmony  with  municipali- 
ties, and  take  over  waste  and  sightless  land,  and  plant  it  with 
shrubs  and  flowers.     Almost  the  entire  work  is  done  by  members 
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of  the  associations.  Members  who  have  gardens  and  spare 
plants  present  them  to  the  association  in  furtherance  of  its 
general  objects. 

I  may  here  state  that  the  principal  members  of  these 
associations  are  ladies,  who  receive  very  valuable  assistance 
from  the  curators  and  landscape  gardeners  of  the  towns.  Many 
of  the  nurserymen  also  take  a  keen  interest  in  these  associations. 

forestry  in  other  lands 

The  Transvaal  is  not  alone  in  being  badly  supplied  with 
timber;  many  of  the  older  countries  are  in  the  same  plight. 
Greece,  that  was  once  a  thickly  timbered  country,  sold  her 
forests  for  ship-building,  and  as  no  provision  was  made  to  re- 
plant trees,  much  of  the  aforetime  forest  is  now  a  treeless  waste. 

In  China  proclamations  are  posted  in  certain  districts  offer- 
ing to  decorate  with  the  order  of  the  Yellow  Button  any  person 
planting  10,000  trees. 

The  United  States  have  an  extensive  forestry  department, 
and  have  been  very  successful  with  Eucalyptus  timber,  and  have 
also  planted  many  thousands  of  acres  with  Salt  Bush,  a  most 
excellent  fodder  shrub,  which  would  do  well  in  the  Transvaal. 

Germany  has  large  plantations  of  Eucalyptus.  Many  use- 
ful discoveries  have  been  made  in  the  laboratories  of  the 
forestry  department  in  connection  with  the  preservation  of  tim- 
ber. Their  forestry  department  furnishes  an  example  that 
might  with  advantage  be  followed  here.  In  German  New 
Guinea  particular  assistance  is  granted  in  forestry.  The  timber 
plantations  have  consequently  proved  successful  beyond  all  ex- 
pectation, and  are  being  greatly  extended.  In  the  Boyal 
Botanical  Gardens,  Berlin,  there  are  many  glass-houses  devoted 
^exclusively  to  the  propagation  of  commercial  trees  and  plants, 
that  yield  rubber,  cocoa,  coffee,  dye,  farina,  fibre,  gum,  gutta- 
percha, nuts,  pulse,  resin,  spice,  tea,  timber,  tubers,  etc.,  and 
these,  when  sufficiently  grown,  are  shipped  to  the  German 
colonial  possessions,  most  suited  to  their  develooment.  When 
plants  yielding  new,  or  comparatively  new,  commercial  products 
are  sent  abroad,  planters  are  fully  advised  as  to  the  cultural 
requirement  to  ensure  success,  and  the  methods  to  be  adopted  in 
order  to  place  the  produce  in  the  best  possible  condition  on  the 
market.  What  is  being  done  by  Germany  in  this  particular  is 
certainly  of  permanent  benefit  to  her  colonial  possessions. 

Norway  stands  alone  in  being  the  only  country  that  is  in- 
creasing her  forests.  For  every  tree  that  is  felled  it  is  com- 
pulsory to  plant  one,  by  which  method  the  area  under  timber  is 
found  gradually  to  increase. 

trees  indigenous  to  the  colony. 

Quite  a  quantity  of  useful  work  awaits  the  forestry  depart- 
ment of  the  Transvaal,  in  naming  and  classifying  the  timber 
indigenous  to  the  colony,  of  which  there  is  quite  a  wealth.  In 
the  northern  portion  of  the  colony  I  have  had  the  opportunity 
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of  handling'  and  studying  some  of  it,  and  find  that  there  are 
numbers  of  species  well  worth  cultivating,  both  for  their  dur- 
ability and  their  power  to  resist  the  white  ant.  Durinir  the 
recent  war  much  of  this  timber  was  cut  down,  but  it  is  a  pleas- 
ing feature  to  note  that  they  are  nearly  all  propagating  from 
the  stumps.  I  believe  from  my  knowledge  of  the  timber  in  the 
Waterberg  district  that  it  would  form  an  excellent  paving  mate- 
rial for  streets,  and  commend  it  to  the  attention  of  the  City 
Fathers.  Seeing  that  a  Fencing  Act  is  about  to  become  law,  I 
would  recommend  a  trial  of  some  of  the  thorn  bush  of  this  dis- 
trict for  "  live  "  fencing.  I  am  of  opinion  that  the  result  would 
be  excellent. 

The  difference  in  the  climate  between  the  Waterberg  dis- 
trict and  the  Sand  is  very  marked,  the  climate  of  the  former 
being  quite  sub-tropical.  For  this  reason  I  would  suggest  the 
planting"  of  Eucalyptus  from  northern  New  South  Wales  and 
southern  Queensland,  known  as  Brush  box  (Eucahjptus  Tristinia 
Conferta),  It  attains  a  height  of  150  ft.,  with  a  diameter  of 
5  ft.;  its  timber  is  tough,  strong,  and  durable.  If  cut  at  the 
wrong  time  it  warps  and  twists,  but  when  felled  at  the  proner 
time  and  moderately  seasoned  it  makes  a  valuable  wood,  useful 
for  paving  blocks,  planking,  flooring  boards,  and  railway 
sleepers.  It  has  been  satisfactorily  proved  that  it  is  obnoxious 
to  the  white  ant.     It  can  be  propagated  only  from  seed. 

STREET   TREES. 

A  very  noticeable  feature  in  the  towns  of  the  Transvaal  is 
the  absence  of  street  trees,  which  is  invariably  remarked  by 
persons  coming  from  older  countries.  Street  trees  require  to 
be  treated  artificially,  and,  that  being  the  case,  natural  laws 
are  in  many  instances  completely  upset,  with  the  result  that  the 
object  sought  for  in  theory  often  ends  disastrously  in  practice. 
A  great  deal  may  be  overcome,  if  we  would  acquaint  ourselves 
more  with  the  various  characteristics  peculiar  to  each  type  of 
tree,  observing  also  what  effect  each  branch  or  branches  have 
in  building  up  ^  symmetrically  formed  tree.  Many  shrubs,  for 
instance,  may,  by  careful  attention,  be  assisted  to  take  on  more 
of  the  tree  form,  and  again,  many  plants  designed  by  nature  as 
trees  are  often  made  to  grow  as  shrubs  owing  to  the  skill  of  the 
operator.  Climatic  influences  will  also  assist  in  causing  trees 
to  take  on  a  different  character,  also  certain  prevailing  winds 
may  have  to  be  taken  into  consideration.  One  or  all  of  these 
fact(»rs  may  completely  upset  the  object  we  have  in  view,  if  not 
carefully  considered  and  adaptations  made  accordingly.  Nature 
will  do  iier  part  if  the  intelligent  observer  will  assist. 

Another  matter  in  relation  to  trees,  which  is  often  lost  sight 
of,  is  the  form  and  growth  that  are  necessary  during  the  early 
stages.  These  are  often  quite  different  from  the  flrrowth  made 
when  the  trees  are  matured.  I  am  confident  that  a  little  intelli- 
gent experimenting  will  show  what  species  are  most  suitable  as 
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street  trees.  The  majority  of  those  now  planted  in  our  towns 
and  which  are  expected  some  day  to  make  admirable  street  trees, 
will,  with  few  exceptions,  prove  disappointing,  these  remarks 
especially  applying  to  the  Acacia  and  Eucalyptus. 

FORESTRY    BILL. 

A  step  which,  in  my  opinion,  it  is  important  the  Govern- 
ment should  take  is  the  framing  of  a  Forestry  Bill,  dealing  with 
Crown  Lands.  This  Bill  should  be  drafted  on  lines  calculated 
to  extend  State  forests,  such  as  the  appointment  of  rangers,  the 
issuing  of  licences  to  saw-millers  and  timber-getters,  and  the 
reserving  of  certain  portions  for  propagation  and  future  use. 
Assuming  that  the  Government  were  to  frame  a  Bill,  which 
subsequently  became  law,  the  Minister  of  Lands  would  require 
to  have  all  forest  lands  classified,  so  as  to  determine  which  land 
is  suitable  to  be  permanently  set  aside  as  State  forests,  and 
which  for  temporary  reserve,  until  the  timber  thereon  has  been 
cut.  Any  land  set  aside  as  State  forest  should  not  be  available 
for  sale  in  any  circumstances,  and  leases  should  be  granted  for 
grazing  purposes  only.  The  Governor  should  be  given  wide 
powers  for  temporary  reservation  or  revocation  of  reservations. 

Licenses  to  obtain  timber,  bark,  stone,  or  other  products 
from  State  forests,  timber  reserves,  or  Crown  lands,  should  be 
granted  by  the  Minister,  subject  to  fees,  and  under  prescribed 
conditions. 

Certain  trees  and  certain  lands  could  be  exempted  from  the 
operation  of  the  licenses. 

Any  State  forest  land  should  be  thrown  open  for  operations 
under  mineral  or  metal  mining  license.  Restrictions  should  be 
imposed  in  respect  of  ring-barking. 

Penalties  to  be  fixed  and  powers  of  seizure  conferred  on 
police. 


27.— DURATION  AND  AREA  OF  HEAVY  RAINFALLS. 

By  D.  C.  Leitch,  M.Inst.C.E. 

To  have  some  means  of  estimating,  even  approximately^ 
the  duration  and  extent  of  heavy  rainfalls  is  important  from 
many  points  of  view.  It  is  true  that  the  discharge  of  flood 
water  from  a  given  area  is  what,  for  practical  purposes,  it  is 
usually  necessary  to  determine,  but  an  essential  factor  in  esti- 
mating this,  especially  where  the  area  is  small,  is  the  character 
of  the  rainfall. 

The  duration  and  extent  of  a  heavy  shower,  as  well  as  the 
rate  at  which  it  travels,  depend  on  so  many  fortuitous  circum- 
stances as  to  make  it  out  of  the  question  to  attempt  to  do  more 
than  formulate  roughly  approximate  rules.  Even  these,  how- 
ever, are  often  useful  where  nothing  better  is,  from  the  nature 
of  the  case,  available. 

DURATION  OF  HEAVY  FALLS. 

The  records  of  heavy  falls,  as  might  be  expected,  do  not 
show  any  definite  relation  between  the  rate  of  fall  and  its 
duration. 

This  relation  may,  however,  be  expressed  approximately  in 

several  ways,  the  form  y  = y,  due  originally  I  believe  to 

Prof.  Talbot,  is  as  good  as  any.  y  =  rate  of  fall  in  inches  per 
hour.  X  —  duration  of  fall  in  minutes,  and  a  and  h  are  con- 
stants whirh  have  different  values  in  different  countries.     For 

the  British  Isles  y  — ^  approximately.  For  499  Ameri- 
can stations  with  1  to  50  years  records,  Prof.  Talbot  gave 
y  -—      '     fv^.     This  is  deduced  from   a  very  large  area,  and 

probably  docs  not  fairly  represent  the  actual  conditions  in  any 

particular  district.     Observations  at  20  American  stations  in  the 

Eastern  and  Southern  States,  mostly  extending  over  30  years 

270 
give  y  r--  .     Observations  for  16  years  at  Washington, 

X   "t"    ^*) 

U.S.A.,  give  y  —  —  ,  -  hh  ^^^  ^^^^^  place 

At  Johannesburg,  the  records  extend  over  a  period  of  15 

years,  but  unfortunately  the  instruments  in  use  have,  at  all 

but  one  station,  been  read  as  a  rule  only  once  daily,  the  record 

of  duration  of  heavy  falls  is  therefore  very  imperfect.     So  far 

as  it  goes,  it  indicates  the  following  relation  between  rate  and 

,        .  290 

<luration  :   y  -^  — ; — tpt. 
^       a;  +  40 

It  should  be  added  that  this  does  not  cover  one  very  re- 
markable fall,  observed  by  Mr.  Burt  Andrews  on  12th  February, 
1898.  when  4.86  inches  of  rain  fell  in  one  hour  at  Doomfon- 
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tein,  and  which  very  largely  exceeded  any  other  recorded  in 
the  Transvaal,  or,  so  far  as  I  am  aware,  elsewhere  outside  the 
tropics.  To  give  some  idea  of  the  phenomenal  nature  of  this 
fall,  it  may  be  remarked  that  the  next  heaviest  fall  in  one  hour 
recorded  here  did  not  exceed  2.29  inches;  this  occurred  on  the 
29th  February  this  year.  The  heaviest  fall  in  one  hour  in  the 
British  Isles  has  never  exceeded  1.8  inches.  In  the  United 
States,  outside  of  some  rather  doubtful  Californian  records,  the 
heaviest  fall  observed  in  one  hour  has  been  2.55  inches. 

AKEAS  OF  HEAVY  FALLS. 

The  fall  of  4.86  inches  in  one  hour,  referred  to 
iu  the  last  paragraph,  was  only  registered  at  the 
Uoonifontein  rain  gauge;  on  the  same  occasion  1.1  inch  fell  at 
Joubert  Park,  about  three-quarters  of  a  mile  away,  and  1.25 
inches  at  the  reservoir,  only  a-quarter  of  a  mile  away.  It  may> 
of  course,  have  been  the  case  that  the  instrument  at  Doornfon- 
teiu  was  on  the  western  verge  of  a  large  area  covered  by  this 
fall,  but  it  seems  more  probable  that  the  latter  was  confined  to 
a  small  part  of  the  southern  slope  of  the  high  ground  near 
which  the  Uoorufontein  instrument  was  placed. 

It  is,  of  course,  likely  that  in  most  cases  heavy  falls  have 
no  definite  limits,  but  gradually'  merge  into  areas  of  lighter 
rainfall.  Except  where  such  falls  are  due  to  topographical 
causes,  as  where  rain  clouds  pass  over  a  range  of  hills,  it  is 
likely  that  they  travel  for  some  distance  before  they  are 
exhausted.  It  is  consequently  extremely  difficult  to  obtain  any 
direct  evidence  as  to  the  probable  maximum  rate  of  fall  over  a 
given  area,  although  for  many  purposes  it  is  necessary  to  make 
some  assumption  as  to  this,  in  default  of  information  regard- 
ing it. 

Several  well-known  formulae  for  calculating  flood  dis- 
charges, such  as  those  of  McMath,  Biirkli-Ziegler,  and  others,, 
make  the  discharge  per  second,  with  the  same  rainfall  rate,, 
vary  as  a  power  of  th^  area,  which  varies  from  0.75  to  0.80. 
As  these  formulae  are  based  on  experimental  data,  it  is  likely 
that,  at  least,  under  the  local  conditions  in  which  they  were 
framed,  they  are  fairly  accurate;  although  the  assumption  of 
the  same  maximum  rainfall  rate  over  both  large  and  small 
areas  is  probably  erroneous.  It  seems  more  likely  that  over 
areas  not  exceeding  a  few  square  miles,  the  rate  of  flood  dis- 
charges under  the  same  conditions  would  vary  very  nearly  as 
the  rate  of  rainfall,  and  that  the  variations  actually  observed 
are  due  to  the  fact  that  the  maximum  rate  of  fall  is  much 
higher  for  small  than  for  large  areas. 

Much  useful  information  bearing  on  this  point  could  be 
gained  by  comparing  records  of  flow  from  drainage  areas  of 
different  sizes,  and  under  varying  conditions  of  rainfall.  So 
far  any  such  data  available  here  are  very  scanty.  From  pub- 
lished information  it  appears  that  the  recent  flood  at  Bloem- 
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foiitein  was  calculated  to  be  due  to  a  rainfall  of  about  2^ 
inches  over  the  catchment  area,  about  14  square  miles,  but  thi8 
rate  of  fall  may,  of  course,  have  extended  over  a  larger  area. 
The  records  of  the  heaviest  falls  recorded  at  Johannesburg^  do 
not  afford  much  assistance,  as  most  of  the  gauges  have  only  a 
daily  record. 

Such  as  they  are,  these  records  are  given  below :  — 

TABLES   SHEWING   HEAVIEST  RATES  OF  FALL  IX  INCHES   PER   IIOrR 
RECORDED  AT  JOHANXESBVRG   SINCE  OCTOBER,    1897. 


Date. 


Duration  of 
fall  in  niin. 


19th  Oct.,  1897 
11th  Feb..  1898 


12th  Feh.,  1898 


26th  Dec,  1898 


*29th  Feb.,  1904 


30 


60 


Rate  of  fall  in 
inches  \>ei'  hour. 


3.2 


65 


60 


4.86 


1..34 


Remarks. 


2.29 


Only  at  Joubert  Park.  (laajLje.**  at 
Doornfontein  and  Reservoir 
did  not  record  more  tlian 
0.61  in.  and  0,12  in.  respectively 
that  day. 

Only  at  Doornfontein :  1.10  in.  and 
1.25  in.  at  Joubert  Park  and 
Reservoir  resi>ectively 

At  Joubert  Park.  At  Cemetery 
2.67  in,  fell  during  the  day, 
hut  at  Doornfontein  aiid 
Reservoir  only  0.53  in.  and 
0.82  in.  respectively. 

At  Joubert  Park.  At  Rellevueand 
Cemeterv  falls  of  1.85  in.  and 
1.50  in  respectively  occurred. 


These  very  fragmentary  data,  so  far  as  they  go,  support 
the  view  that  heavy  falls  are  very  limited  in  area,  though  they 
are  far  from  offering  anything  like  an  adequate  basis  from 
which  to  infer  the  probable  maximum  rate  of  fall  on  a  given 
are^j  in  tliis  district.  Pending  the  collection  of  further  data 
and  as  a  rough  practical  guide,  it  is  thought  that  the  formula 

_  33 

y  "  4  /'a  A-  ±  whore  y  .—.  rate  of  fall  in  inches  per  hour  and 

A    _  area  in  acres  may  be  taken  for  areas  not  exceeding?  about 
100  square  miles. 


28.— SOME  CONSIDEllATIONS  RESPEC  TING  IRRIGA- 
TION IN  THE  NEW  COLONIES. 

By  W.  R.  Bell,  M.Inst.C.E.,  F.R.Met.Soc. 

The  practice  of  irrigation  has  been  proposed  among  other 
things  as  a  panacea  for  the  troubles  of  Africa,  but  there  is  no 
royal  road  to  irrigation — except  in  Egypt  and  India.  In  these 
<jountries  the  vastness  of  the  results  to  be  attained  were  of  them- 
selves sufficient  to  fire  the  minds  of  the  men  wlio  have  over- 
come the  difficulties,  climatic,  financial,  social,  and  economic, 
that  make  irrigation  in  these  countries  an  achievement. 

In  all  other  countries  irrigation  has  grown  by  slow  and 
painful  degrees,  wresting  the  treasures  of  life  bit  by  bit  from 
the  unwilling  earth. 

In  the  Transvaal  the  first  question,  in  spite  of  the  fact 
that  the  annual  rainfall  is  equal  or  nearly  so  to  that  of  coun- 
tries where  irrigation  is  little  required,  is,  to  find  the  water; 
the  last,  to  find  the  market  for  the  produce ;  and  between  these 
two  there  are  many  difficulties.  That  these  difficulties  only 
make  the  problem  more  alluring  goes  without  saying,  and  that 
a  solution  of  them  is  to  be  found,  is  predicated  by  the  existence 
of  the  land,  the  water,  and  the  people,  which  are  necessary  and 
are  intended  for  one  another. 

Regarding  the  rain,  it  is  often  said  that  there  is  an  abun- 
dant rainfall,  but  that  it  falls  at  the  wrong  time.  That  may  be 
so — for  the  complainant — but  it  is  a  question  whether  any  other 
arrangement  would  be  more  effective  for  the  uses  of  man  when 
we  shall  have  learned  how  to  use  the  bounty,  while  there  is  no 
question  at  all  but  that  none  of  us  could  arrange  a  more  benefi- 
cent time-table  for  the  clerk  of  the  weather. 

The  rain  comes  in  summer,  it  is  abundant  in  the  east  and 
north,  on  the  high  veld  fairly  so,  and  in  the  west  and  south  it 
is  deficient.  Its  general  effect  is  to  harden  the  surface  of  the 
soil,  in  which  action  both  the  sun  and  the  wind  contribute  their 
powerful  assistance.  This  effect  is  well  known  to  those  who, 
having  dug,  prepared,  and  planted  their  garden,  find  two  or 
three  davs  after  the  first  heavy  shower  that  the  surface  of  the 
ground  is  as  hard  as  a  board. 

In  the  next  place,  the  characteristics  of  the  high  veld  are 
rounded  hills  of  wide  extent,  intersected  with  narrow  valleys. 
Thus  the  gathering  grounds  are  flat,  and  only  the  run-oft'  from 
heavy  rain  can  reach  the  storage  areas,  while  the  latter  perforce 
occupy,  in  many  cases,  the  arable  lands  of  the  valleys. 

On  the  other  hand,  the  flat  gathering  grounds  favour  per- 
colation, especially  in  the  rocks  of  the  coal  measures,  along  the 
^escarpments  of  which  the  numerous  rivers  of  the  Eastern  Trans- 
vaal spring  forth. 

In  the  sandy  districts  of  the  Western  Transvaal  the  diffi- 
fjulties  of  flood  storage  are  largely  economic.  Although  the 
average  annual  rainfall  is  a  fairly  ab^undant  one — leaving  out 
the  question  as  to  whether  the  droughts  of  recent  years  point  to 
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a  cliaiige  of  climate — yet  the  recurrence  of  successive  years  of 
drought,  followed  bj^  years  of  heavy  rainfall,  necessitates  reser- 
voirs of  such  size  as  will  serve  to  equalise  the  supply  over  seve- 
ral years,  a  proposition  that  at  present  is  hardly  practicable  for 
irrigation  projects,  particularly  when  the  losses  by  evaporation 
and  percolation  are  taken  into  account.  And  the  problem  ia 
not  to  be  solved  by  storage  on  a  small  scale,  as  the  same  diffi- 
culties are  intensified  in  small  reservoirs. 

In  the  arid  districts  of  other  countries  where  irrigation  is 
practised,  there  are  generally  precipitous  mountainous  regiona 
of  greater  or  less  propinquity,  which  are  regions  of  heavy  de- 
position, and  ccmsequently  the  problem  resolves  itself  into  a 
question  of  transportation  by  canals,  but  in  the  Transvaal  gene- 
rally there  are  few  opportunities  of  conveying  water  for  any 
considerable  distance,  and  the  floods  must  be  collected  and 
stored  close  to  the  localities  where  the  water  can  be  utilised. 

The  irrigation  areas  are  thus  circumscribed  and  self-con- 
tained. 

In  the  absence  of  detailed  observations  over  many  years^ 
the  amount  of  rainfall  available  for  storage  is  a  very  difficult 
matter  to  determine.  It  varies,  as  is  well  known,  with  the 
physical  and  orographical  features  of  the  gathering  ground, 
with  the  intensity  and  duration  of  the  rainfall,  and  with  the 
condition  of  the  soil  as  respects  moisture  and  heat. 

Another  question  requiring  determination  is  the  amount  of 
water  necessary  for  raising  different  crops  in  this  country,  and 
the  amount  at  present  actually  so  used,  also  the  proportion  of 
the  total  annual  amount  which  will  be  required  at  certain  sea- 
sons. In  this  connection  the  science  of  irrigation,  as  a  part  of 
agriculture,  must  be  studied,  and  experimental  stations  perma- 
nently established,  to  study  the  most  profitable  and  economical 
use  of  water. 

Wo  require  information  on  the  above  heads  before  we  can 
tell  how  much  land  can  be  cultivated  by  irrigation — how  many 
acres  of  gathering  ground  will  be  required  for  the  irrigation  of 
one  acre  of  arable  land. 

For  instance,  supposing  the  rainfall  to  average  24  or  20 
inch(»s  per  annum,  and  that  the  average  run-off  of  water 
amounted  to  10  per  cent,  of  this,  we  would  have  2^,  or  say,  2 
indues  of  water  over  the  whole  water-shed,  available  for  storage 
and  use,  equal  to  4,646,400  cubic  feet  of  storage  water  per  square 
mile  of  gathering  ground.  If,  then,  150,000  cubic  feet  of  water 
— equal  to  about  42  inches  in  depth — be  necessary  to  irrigate 
each  acre  for  a  year,  we  would  have,  from  each  square  mile  of 
gathering  ground,  sufficient  water  to  irrigate  in  round  numbers 
32  acres. 

This  means  that,  supposing  the  amount  of  arable  land 
necessary  is  situated  where  it  can  be  commanded  by  irrigation 
supplies,  we  would  be  able  (theoretically)  to  put  five  percent^ 
(5  ^  /  )  of  the  whole  lands  of  the  country  under  an  irrigation  supply. 
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As  this  supply  would  equal  a  rainfall  on  the  ground  irri- 
gated, of  42  inches  annually,  in  addition  to  the  natural  rainfall, 
it  will  be  seen  that  there  is  a  large  margin  for  economy  in  the 
use  thereof,  with  a  consequent  extension  of  the  irrigated  area. 

In  the  Orange  River  Colon j',  again,  with  its  wide  plains  and 
capacious  river  beds,  the  problem  is  different.  Here  the  projects 
will  be  individually  of  greater  magnitude,  and  the  diflBcuIty 
will  be  to  find  storage  basins  of  sufficient  capacity  to  impound 
the  volume  of  water  brought  down  in  times  of  flood.  It  has 
been  proposed  to  lead  the  flood  waters  from  the  rivers,  into  the 
natural  basins  or  pans.  This  could  certainly  in  many  cases  be 
done,  but  no  one  lias  yet  proposed  how  the  water  is  to  be  got 
out  of  the  pans  for  use  on  the  land,  and  the  utmost  that  could 
be  expected  of  such  undertakings  would  be  that  they  might 
augment  the  supplies  of  underground  water  by  percolation,  and, 
by  retaining  the  flood  waters,  assist  in  some  measure  to  modify 
the  climate. 

Such  speculations  cause  us  to  leflect  what  will  be  the  eft'ect 
of  the  increased  utilisation  of  water  in  the  new  colonies,  upon 
the  districts  lower  down,  on  the  Vaal  and  Orange  Rivers,  and 
as  we  are  always  anxious  to  cry  out  before  we  are  hurt,  com- 
plaints have  already  been  heard,  that  the  prospective  irrigation 
schemes  in  the  Transvaal  have  affected  the  water  supply  at 
Kimberley  I 

As  regards  underground  supplies  of  water,  there  are  un- 
doubtedly large  areas  containing  water  in  the  rocks,  but  here 
we  must  not  be  led  away  by  visions  of  our  imagination.  Judg- 
ing from  the  general  structure  of  the  country,  and  applying,  as 
far  as  is  applicable,  the  knowledge  of  facts  and  results  obtained 
in  the  Cape  Colony,  where  a  correct  view  of  the  actual  condi- 
tions has  been  attained,  it  would  seem  unlikely  that  deep  arte- 
sian stores  will  be  found,  that  is  to  say  at  depths  over  a  thou- 
sand feet  or  so.  At  the  moment  of  writing,  the  writer  is  travel- 
ling through  a  district  where  the  presence  of  newly-built  farm- 
houses, each  with  its  wind  engine  and  its  patch  of  green  cultiva- 
tion in  the  midst  of  the  desert  mountains,  attest  the  practical 
success  of  the  Cape  Water  Boring  Department. 

Another  enticing  vision  is  that  of  water  power.  In  the 
flatter  districts  of  the  new  colonies  water  is  too  valuable,  and 
the  loss  of  head  in  water  engines  would  entail  too  great  length 
of  transportation  canal  to  command  irrigable  land,  to  allow  of 
any  great  utilisation  of  water  for  power  in  these  districts;  but 
along  the  great  eastern  escarpment  from  north  to  south  there 
are  immense  reservoirs  of  power,  which  should  be  strictly  re- 
served for  manufacturing  industries  in  the  future.  In  these 
regions  alone  does  there  seem  to  be  any  possibility  of  the  Trans- 
vaal ever  becoming  an  exporting  country. 

We  turn  here  to  the  question  of  markets,  without  which 
practically  no  human  industry  can  exist.  And  first  and  foremost, 
for  many  years  the  mining  industry  alone  is  the  only  agent 
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through  which  this  country  can  be  developed,  and  a  self-sup- 
porting population  settled  on  the  soil.  For  mining  purposes 
water  is  a  paramount  necessity — at  any  rate,  at  the  present  time 
—  and  though  the  want  of  water  in  places  may  compel  the  in- 
vention of  other  methods,  yet  the  convenience  of  water  as  a  con- 
veying medium  in  the  extraction  of  metals  is  so  great,  that  it 
will  continue  to  be  so  used  at  any  cost  less  than  the  most  exor- 
bitant. Thus,  then,  vested  interests  hampering  the  use  of  water 
in  mining  must  not  be  permitted,  and  as  mining  can  only  be 
practised  in  certain  limited  areas,  wherever  such  areas  be  dis- 
covered there  agriculture  must  give  way  to  mining. 

The  water  question  is  a  Government  question  in  the  widest 
sense,  in  which  the  Government  supplies  and  focuses  the  direc- 
tive power,  but  eventually  it  is  the  people  who  must  supply  the 
enterprise  and  reap  the  reward,  and  this  Association  can  assist 
in  the  work  by  taking  part  in  the  collection  of  sorely-needed  in- 
formation. They  can  also  approach  the  Government  with  a 
view  to  disseminating  widely  among  the  public  the  meteoro- 
logical information,  the  collection  of  which  Government, 
through  its  several  departments,  is  now  organising. 

We  are  accustomed  to  magnify  our  difficulties,  each  in  his 
own  walk  of  life,  whether  as  exercising  the  sacred  privilege  of 
grumbling  or  as  boasting  of  our  achievements.  The  latter  we 
in  the  Transvaal  cannot  do  yet,  for  as  yet  we  have  done  nothing, 
but  to  our  difficulties  we  look  with  confidence  as  the  sure  road 
to  success,  and  the  object  of  this  discursive  paper  is  to  invite 
discussion,  that  we  may  have  our  difficulties  and  our  manifold 
advantages  more  clearly  set  forth. 


29.— SrRVEY  PRACTICE  IN  THE  TRANSVAAL.^ 

By  Philip  B.  Osborn. 

In  dealing  with  the  subject  matter  indicated  by  the  title 
which  1  have  selected  for  these  notes,  I  should  like  to  observe 
at  the  outset  that  it  is  more  from  a  general  standpoint  than  from 
the  particularly  scientific  aspect  that  I  shall  review  the  ques- 
tion. That  is  to  say,  I  do  not  propose  to  enter  into  intricate 
calculations  or  trigonometrical  problems,  supported  by  masses 
of  figures,  however  interesting  such  a  study  might  be,  but  I 
shall  aim  rather  at  describing  the  gradual  growth  and  develop- 
ment of  what  to-day  is  recognised  as  a  high  standard  of  survey 
practice,  from  the  time  of  the  voortrekkers  and  the  early  settlers 
in  this  colony  to  the  present  date,  and  I  shall  endeavour  to 
illustrate  the  salient  features  of  what  that  progression  is  from 
the  crude  and  rough  methods  first  employed  to  the  present 
systematised  and  scientific  basis. 

The  unit  of  land  measure  adopted  by  the  early  settlers  was 
100  paces,  and  was  taken,  certainly  erroneously,  to  be  equal  to 
•300  Cape  feet ;  this  was  termed  a  *'  minute,"  because  it  was 
assumed  that  the  speed  of  an  ordinary  horse  was  about  100 

f)aces  per  minute,  and  accordingly,  any  measurement  of  the 
ength  of  a  line  as  applied  to  the  mensuration  of  land  was  re- 
ferred to  in  minutes  and  fractions  of  a  minute.  Of  the  con- 
venience of  such  a  ready  and  practical  method  of  land  measure- 
ment there  can  be  no  question,  but  it  was  not  only  largely 
inaccurate,  but  was  the  source  of  ever-recurring  trouble  in 
respect  of  boundary  disputes.  When  the  early  settlers  had 
i'stablished  themselves  in  a  new  tract  of  country,  each  man,  by 
mutual  agreement,  selected  and  beaconed  off  a  piece  of  ground 
60  minutes  square,  which,  according  to  the  value  of  the  unit  of 
measure,  included  roughly  3,750  morgen;  but  confusion  arose 
in  consequence  of  the  over-lapping  of  boundaries,  for  the  reason 
that  every  man  laid  out  his  ground  without  knowing  what  his 
iieifirhbour  did,  and  without  any  real  plan. 

To  prevent  disputes  and  obtain  an  accurate  written  title 
to  ground,  accompanied  by  a  sketch  plan  defining  the  boun- 
daries, etc.,  the  community  chose  three  trusty  men  to  act  as  a 
commission,  called  '*  the  Inspection  Commission,"  whose  duties 
were  to  lay  out  the  country  in  equal  squares  of  the  dimensions 
at  first  intended,  and  to  deal  with  all  questions  affecting  boun- 
daries, beacons,  and  title. 

This  commission,  furnished  only  with  a  pocket  compass  for 
direction,  and  an  ordinary  watch  for  time,  divided  the  country 
off  into  farms,  each  supposed  to  be  a  square  of  60  minute  sides, 
containing  an  area  of  3,750  morgen. 

A  glance  at  the  map  of  the  country  will  show  with  what 
painful  inaccuracy  their  intention  was  carried  out.  Indeed,  it 
is  difficult  to  realise  that  the  original  scheme  was  to  lay  the 
country  out  into  squares  of  more  or  less  equal  dimensions.  The 
extraordinary  figures  assumed  by  the  farms  are  mainly  due  to 
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the  rough  methods  of  land  measuring  referred  to,  and  the  de- 
viation from  squareness  is  largely  due  to  the  land-grabbing  and 
beacon-shifting  propensities  of  the  voortrekkers,  who,  in  this 
respect,  closely  resembled  the  early  barons  in  the  Old  Country. 
The  system  of  riding  off  farms  was  maintained  even  to  the 
time  of  ex-President  Kruger,  but  later  on  an  addition  was  made 
to  the  commission  of  a  duly  certificated  government  surveyor. 
Landmeters,  or  surveyors,  first  made  their  appearance  in 
the  country  in  the  sixties,  but  they  had  to  work  in  a  wild,  in- 
hospitable land,  under  exceptional  difficulties,  receivinfif.  more- 
over, little  or  no  remuneration  for  their  services.  It  is  not  sur- 
prising, therefore,  that  they  have  left  no  particularlj'  accurate 
records  of  their  work  for  their  successors  to  profit  by.  As  an 
instance  of  the  general  regard  in  which  the  work  of  a  surveyor 
was  held,  a  story  is  told  of  one  of  the  craft  who,  when  called  to 
book  for  some  act  of  commission  or  omission  in  an  earlier  sur- 
vey, indignantly  asked  the  Surveyor-General,  **  What  more  do 
you  expect  for  a  bag  of  peaches?" — that  being  apparently  all 
the  remuneration  he  obtained  for  his  services. 

In  the  seventies  further  progress  towards  the  perfection  of 
surveying  operations  was  made  on  the  arrival  in  this  colony  of 
qualified  surveyors  from  the  Cape  Colony.  These  men  started 
work  here  under  particular  advantages.  They  had  an  onen 
country,  almost  entirely  unsurveyed,  offering  great  facilities  for 
good  work  on  account  of  its  remarkable  suitability  for  trianifu- 
lation.  They  also  had  a  knowledge  of  the  defects  of  the  Cape 
system,  and  had  a  free  hand  to  experiment  in  attempts  to  im- 
prove the  application  of  the  co-ordinate  system  as  practised  in 
that  colony. 

That  system,  as  applied  to  this  country,  was  introduced  by 
the  late  Leopold  Marquard,  the  late  Samuel  Melvill,  the  pre- 
sent Surveyor-General  of  the  Cape,  Mr.  C.  L.  H.  Max  Jurisch, 
and  others. 

Those  who  have  not  studied  the  methods  adopted  in  this 
country  may  be  apt  to  claim  that  there  is  no  difference  in  up- 
to-date  practice  here  and  other  parts  of  the  world,  because  the 
co-ordinate  system  is  also  used  els(»wliere,  but  that  is  an  error. 
Infortunately,  the  objects  of  this  paper  preclude  my  going 
into  details  and  figures  in  proof  of  that  statement,  but  anyone 
interested,  who  cares  to  make  the  comparison,  may  read  Mr. 
Leopold  Marquard's  *^  Co-ordinate  Geometry  applied  to  Land- 
Surveying,"  and  the  appendix  to  Mr.  Max  Jurisch*s  work  on 
natural  sines  and  co-sines,  where  he  may  study: — (1)  The  ap- 
plication of  the  system;  (2)  the  reduction  of  all  calculations  to 
a  purely  mechanical  process;  and  0^)  the  completeness  of  the 
checks  and  their  use;  and  the  result  of  his  investigation  must 
be  to  admit  the  advantages  of  our  methods. 

It  may  be  noted  that  now,  with  the  exception  of  a  few  who 
were  certificated  to  practise  in  the  earlier  days,  most  of  the 
surveyors  practising  in  this  country  are  university-trained  men. 
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University  training,  as  you  all  know,  is  beneficial  over  and 
above  its  ordinary  scholastic  equipment,  in  that  it  gives  an 
equality  of  education  on  one  particular  subject,  and  this  advan- 
tage is  claimed  to  be  very  noticeable  in  respect  of  our  local  sur- 
veyors. Many  good  men  may  be  turned  out  under  the 
ordinary  pupilage  system,  but  there  is  invariably  that  lack  of 
equality,  or  level,  or  standard  of  professional  equipment,  and 
the  dissimilarity  of  methods  employed,  to  act  as  a  disadvantage. 
As  a  matter  of  fact,  in  nearly  every  such  case  each  man  appears 
to  work  out  his  survey  in  a  different  manner.  The  university- 
trained  surveyors,  using  one  method  and  one  system,  are  more 
or  less  equal,  and  the  public  are  not  called  upon  to  pass  judg- 
ment on  their  respective  qualifications.  So  to  speak,  each  man 
is  as  good  as  his  fellow,  and  the  only  difference  is  the  riper 
experience  gained  by  age,  but  except  for  his  longer  experience 
in  the  field,  the  elder  surveyor  would  have  no  advantage  over 
the  younger. 

The  advocacy  of  university  training  for  Transvaal  sur- 
veyors has  found  a  champion  in  the  person  of  Professor  Hele 
Shaw,  who,  in  his  eloquent  address,  delivered  at  the  Degree 
Ceremony  of  the  Cape  University,  said,  "  The  old  idea  that 
there  are  only  four  professions  worthy  of  university  recojrni- 
tion,  viz.,  arts,  theology,  medicine,  and  law,  has  broken  down.'* 

There  are  new  professions  to  be  included,  and  one  of  them 
is  surveying.  Now,  if  a  medical  man  had  obtained  his  know- 
ledge, first  as  an  assistant  to  a  chemist,  and  next  by  helping  a 
duly  qualified  practitioner,  he  would  not  be  licensed  by  the 
Government,  nor  be  employed  by  the  public,  and  there  seems  to 
be  no  reason — I  certainly  can  see  none — why  the  surveying  pro- 
fession should  be  placed  on  a  lower  level  than  the  medical  pro- 
fession. 

To  render  the  title  to  ground  secure;  to  indelibly  sketch 
the  whole  and  true  extent  of  land  owned  on  a  diagram,  and  to 
thus  make  the  owner's  title  indefeasible — surely  these  are  im- 
portant attributes  of  civilised  life,  which,  if  not  comparable  to 
the  losing  or  saving  of  life  itself,  comes  very  near  to  it.  There 
is,  indeed,  no  valid  argument  against  including  the  surveying 
profession  as  one  of  the  learned  professions,  entitled  to  its 
proper  sphere  in  a  university  curriculum,  and  recognised  as  on 
an  equality  with  medicine,  theology,  or  law. 

Let  me  come  now  to  another  matter,  viz.,  land  tenure. 

As  affecting  land  tenure,  there  are  two  classes  of  surveys 
in  this  country  :  — 

(1.)     Original. 

(2.)     Sub-divisional. 

In  the  case  of  original,  or  first  surveys,  the  surveyor  frames 
diagrams  in  triplicate,  which  are  submitted  to  the  Surveyor- 
General  for  examination.  The  diagram  is  examined  as  to  the 
consistency  of  its  numerical  data,  and  is  compared  with  existing 
adjoining  surveys,  being  also  scrutinised  as  to  its  accuracy  in 
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respect  to  its  registration  of  title.  It  is  then  approved  by  the 
Surveyor-General,  who  writes  his  signature  against  a  certificate 
on  the  diagram  to  that  effect.  The  next  process  is  three  months' 
publication  in  the  "Government  Gazette,"  calling  for  objec- 
tions, if  any,  as  regards  beacons  and  boundary  lines  on  the 
ground.  Should  no  objections  be  made,  the  Surveyor-General 
writes  his  signature  against  another  certificate  on  the  diagram 
to  the  effect  that  the  latter  is  confirmed.  One  of  the  copies  of 
the  diagram  is  filed  against  the  titles  in  the  Deeds  Office,  and 
is  called  "  the  original  diagram."  The  second  copy,  which 
carries  the  revenue  stamps,  is  issued  to  the  owner  with  his  title 
deeds — which  are  true  copies  of  the  original  titles  in  the  Rejjris- 
trar  of  Deeds'  Office — while  the  third  copy  of  the  diagram  is 
retained  by  the  Surveyor-General. 

In  the  case  of  the  sub-divisional  diagram,  a  similar  exam- 
ination is  made,  but  the  diagram  is  not  kept  at  the  Surveyor- 
General's  office  for  inspection.  Indeed,  this  diagram  is  only 
approved,  and  not  confirmed.  Being  only  a  portion  of  the 
original  diagram,  publication  and  confirmation  are  not  neces- 
sary, as  the  public  cannot  be  interested  in  the  boundaries  of  a 
portion  of  the  property,  the  boundaries  of  which  have  already 
been  published  and  confirmed. 

But  these  methods  only  apply  to  isolated  surveys,  and  not 
to  the  survey  sections  into  which  the  country  was  divided  under 
the  Law  of  1891.  It  is  noteworthy  that  under  this  law  the 
country  was  divided  into  sections,  which  were  parcelled  out  to 
the  different  government  surveyors,  so  that  each  surveyor 
got  a  section. 

At  the  time  this  arrangement  was  made,  Mr.  Kruger  con- 
vened a  meeting  of  survej'ors,  and  explained  to  them  the  nature 
of  the  law,  remarking,  further,  that  every  surveyor  should  have 
an  equal  slice  of  the  country.  At  this  meeting  the  Surveyor- 
General  observed  that  there  were  a  few  bad  surveyors  in  the 
country,  and  it  would  be  unwise  to  give  such  reputedly  bad 
men  a  section ;  whereupon  Mr.  Kruger  replied,  "  Xo.  give  every 
man  a  section,  and  those  that  are  wicked,  inspan  them  *  Naas 
achter '  (next  to  the  hind  oxen)  where  I  can  reach  them  with 
the  sjambok,"  but  as  results  will  show,  there  must  have  been 
very  few  of  the  **  landmeiers  "  who  fell  within  the  reach  of  Mr. 
Kruger's  sjambok. 

Each  surveyor  was  compelled  to  make  an  independent  tri* 
angulation  over  his  secticm,  and,  by  connecting  with  the  sur- 
veyor's work  in  the  adjoining  secticm,  a  proper  check  was 
assured  from  each  base,  and  thus  a  network  of  triangles  was 
carried  across  the  length  and  breadth  of  the  countrj'. 

On  this  triangulation  the  surveyor  based  his  farm  surveys, 
all  existing  surveys  were  checked,  and  new  ground  was  sur- 
veyed and  brought  into  diagram. 

All  this  work  was  done  at  a  fixed  tariff  and  paid  for  by  the 
Government,  who  afterwards  made  the  owners  of  the  farms  re« 
pay  the  costs  of  survey. 
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The  accuracy  of  the  work  done  by  the  land  surveyor  is 
well  reflected  in  the  subjoined  statement,  which  shows  the  lati- 
tude and  longitude  of  points  on  the  borders  as  fixed : 

(1)  by  calculation  from  the  known  position  of  Pretoria, 

using  the  data  of  the  ordinary  farm  surveys  of  the 
Transvaal ; 

(2)  by  actual  observations  in  the  trigonometrical  survey 

of  the  Cape  Colony  and  Natal; 
(8)  bv  astronomical  observations  made  bv  Mr.  E.  H.  Y. 
Melvill. 

WESTERN  PORDEn. 

e  e 

Bill  on  Convent,  line     (Calculat.)  25  38  10.84 
(Bechuanaland  Trig.  Survey)  25  88  10.60 

Difference       . . .  0.24 

T  25  on  Convent.  Line    (Calculat.)  26     6  49.28 
(Bechuanaland  Trig.  Survey)  26     6  48.60 

Difference       ...  0.68  9.45 

SOUTH-EASTERN    BORDER. 

Noma  (Calculat.)  28  18  29.50        30  25  12.70 

(Natal  Trig.  Survey)  28  18  28.56         30  25     8.81 

Difference       ...  0.94  SM 

V  K  R  (Calculat.)  26  57  58.97         29  54  20.07 

(From  Natal  Trig.  Survey)  26  58     0.20         29  54  3053 

Difference       ...  1.23  10^ 

EASTERN   BORDER. 

Karashlabana  ..     (Calculat.)  25  43     051         31  24  50.53 

(Melvill's  Astr.  Obser.)  25  42  57.80        31  24  44.0 


25 
25 

34 
34 

48.20 
59. 

25 
25 

34 
34 

10.80 

0.55 
10. 

Difference       ...  2.71  6.53 

H  B  (Wilson's  Kop)  ...  (Calculat.)  25  30  51.57         31  44  11.40 

(Melviirs  Astr.  Obser.)  25  30  47.70        31  44    4.10 

Difference  3.87  7.80 

B  60  (Mamelons  Kop)    (Calculat.)  25  25  19.20        31  46  31.08 

(Melviirs  Astr.  Obser.)  25  25  15.80         31  46  24.00 

Difference       ...  3.40  7^08 

(For  this  information  I  am  indebted  to  Mr.  W.  M.  Gilfillan, 
Assistant  Surveyor-General.) 

The  checks  I  have  just  shown  you  must  be  admitted  to  be 
severe  upon  the  individual  surveys  of  a  country,  but  the  re- 
sults obtained  have  been  very  satisfactory,  and  reflect  the 
highest  credit  on  the  work  of  the  Transvaal  surveyor,  and  the 
excellent   co-ordinate  system   he   uses.      Under   this   system. 
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where  the  work  is  carried  out  as  accurately  and  as  sj'stematic- 
ally  as  indicated  earlier  in  my  paper,  all  the  beacons  of  a  pro- 
perty, if  lost  or  maliciously  removed,  could  easily  be  replaced  by 
anj'  surveyor  from  the  recorded  facts  on  the  diagram.  As  a 
base  he  has  available  for  use  hundreds  of  beacons  on  the  neigh- 
bouring properties. 

Had  time  been  propitious  I  should  have  liked  to  have  taken 
vou  a  little  further  and  sketched  for  your  entertainment  some 
of  the  schemes  for  regulating  surveys  in  the  Transvaal,  which 
have  been,  from  time  to  time,  proposed  and  considered.  I 
should  also  have  liked  to  touch  on  the  more  scientific  principles 
affecting  the  profession  to  which  I  have  the  honour  to  belong, 
but  this  paper  was  hastily  prepared  in  the  interludes  of  leisure 
which  the  responsibilities  of  business  have  allowed  me,  and  I 
could  do  little  more  than  deal  with  the  historical  and  popular 
side  of  the  question. 


;]0.— THE  MINE  SURVEYOR  AND  HIS  WORK  ON  THE 

WITWATERSRAND  DISTRICT. 

Br  A.  E.  Payne. 

Surveyors  in  the  Witwatersrand  District  have  almost 
throughout  the  history  of  these  fields  been  easily  classified  into 
{!)  land  surveyors,  and  (2)  mining  engineers,  who  possess,  in 
addition  to  some  knowledge  of  surveying,  that  certain  special 
knowledge  of  mining  desirable  for  the  proper  representation  of 
underground  workings. 

It  is  not  my  intention  to  speak  of  land  surveyors,  whose 
practice  in  South  Africa  has  been  so  admirably  explained 
before  the  members  of  this  Association  by  my  friend  Mr.  P.  B. 
Osborn.  But  it  is  interesting  to  note  in  passing  the  admirable 
work  in  mine  surveying  which  has  been  done  in  the  past  and  is 
still  being  done  in  cases  by  those  gentlemen  whose  qualifications 
as  surveyors  are  of  the  highest. 

The  Land  Surveyor  is  here  generally  known  as  a  "Govern- 
ment" Surveyor.  His  certificate  dated  from  the  Cape  Colony, 
and  was  received  by  the  late  Government  up  to  1893  as  qualify- 
ing him  to  practice  in  what  is  now  known  as  the  Transvaal 
Colony,  and  after  that  date  to  be  admitted  by  examination  eon- 
ducted  on  the  same  lines  as  the  Cape  University  theory  and 
practical.  Excellent  work  has  been  done  by  him  on  these  fields 
in  the  co-ordination  of  this  district,  and  in  certain  cases  he  was 
called  upon  to  lay  out  reservoirs  of  considerable  size,  and  to 
locate  machine  sites  to  the  best  advantage.  But  he  was  not 
prima  facie  a  mining  man,  and  it  was  only  in  the  year  1896 
that  the  late  Government  recognised  the  importance  of  qualify- 
ing men  especially  for  mine  survey  work.* 

The  syllabus  drawn  up  with  this  object  embraced  a 
tliorough  training  in  both  theoretical  and  practical  work.  The 
^examination  consisted  of  the  same  preliminary  course  as  laid 
down  for  Land  Surveyors,  who  could  also  be  admitted  by 
examination  in  this  country;  it  ensured  first  of  all  a  good 
grounding  in  subjects  of  general  education,  such  as  1st 
Teachers'  Examination,  embracing  Bible  History,  Algebra,  etc., 
and  the  theoretical  examination  in  such  subjects  as  conies, 
spherical  tricronometry  and  astronomy;  whilst  the  practical 
part  finished  the  course  and  embraced  such  subjects  as  drawing, 
mining  principles,  test  survey,  and  knowledge  of  the  Dutch 
lancruage,  in  which  the  whole  examination  was  to  be  con- 
ducted. There  is  no  doubt  that  the  aim  was  high  and  a  good 
standard  of  efficiency  procurable.  But  there  was  considerable 
^lelay  in  putting  the  Law  into  force.  Instructions  to  Surveyors 
were  not  issued  until  October,  1897.t  A  Government  Mine  Sur- 
veyor was  at  length  imported  from  Germany,  and  as  a  sign  of 

*  Kalendar— Raad  van  Examination,  and  Law  No.  5, 1895,  approved  by  Law 

No.  9, 1896. 

t  Published  in  Staats  Courant  and  reproduced  in  English  in  the  S.A.  Mining 

Journal,  October  30th,  1897. 
BB 
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liis  effort  I  will  call  your  attention  to  an  extract  from  one  of 
the  local  technical  journals  published  in  May,  1898,*  in  wliicb 
we  read — "that  the  Inspectors  have  received  orders  whenever 
they  visit  the  mines  to  inspect  the  plans  and  see  that  they  are 
rightly  coloured,  and  in  all  respects  accord  with  the  published. 
instructions.     One  or  two  Surveyors  have  already  been  repri- 
manded— indeed,  we  have  heard  something  about  a  fine."     No- 
thing further  was  done,  however,  and  I  think  I  am  right  in 
saying   that   few   applied   to   be   subjected    to   the   theoretical 
examination,  whilst  none  at  all  completed  a  test  survey,  and 
none   at   all   were   admitted   as   Government   Mine    Surveyors. 
Some   candidates  even   in   making   application   were   given    to 
understand  by  the  then  Government  Mining  Engineer  that  be 
preferred  the  responsibility  to  rest  with  the  mine  manager. 

In  reviewing  the  mine  survey  practice  of  the  Witwaters- 
rand,  one  has  first  to  take  this  fact  into  consideration,  that 
there  was  no  law  enforced  to  regulate  the  system  of  surveying 
throughout  the  mines.  Each  group  of  mines  established  a 
standard  of  its  own,  whilst  Government  Surveyors  engaged  in 
this  work  followed  their  own  ideas.  It  does  not  follow  that 
without  Government  control  there  can  be  no  efficiency,  but 
there  are  members  of  every  community  who  will  not  conform  to 
the  best  practice  of  their  neighbours,  and  in  cases  where  reefs 
are  wide  and  underground  connections  can  be  safely  effected 
on  the  reef  body,  as  well  by  following  the  reef  as  by  sound* 
then  such  practice  can  dispense  with  accurate  work,  and  calls 
into  existence  the  half  competent  individual.  As  a  result,  T 
fear  tlie  plan  record  of  much  valuable  information,  especially 
in  prospecting  work,  has  been  lost  to  us  through  lack  of  repre- 
sentation by  (jualified  mine  surveyors.  This  matters  little* 
perhaps,  to  the  shareholder  in  a  mining  venture  if  he  knows 
that  '^  profit  has  Ijeen  made  and  a  portion  of  that  profit  ha.*» 
reached  him  as  dividend:  but  it  matters  a  lot  to  the  mining 
engineer  called  upon  to  report  on  i\w  future  prospects  of  a 
mine  if  he  has  no  careful  record  of  the  past  history  of  that  mine 
to  review. 

So,  passing  to  the  conditi<ms  of  the  present  day,  we  are 
able  to  place  on  record  that,  though  the  workings  of  Govern- 
ments are  slow,  steps  are  surely  being  taken  to  qualify  certain 
men  for  the  responsible  work  of  mine  surveying.  In  describing 
the  duties  which  confront  the  surveyor,  I  am  referring  to  the 
"Mine'*  Survevor,  and  may  have  occasion  to  refer  to  alterations 
in  the  law  which  have  brought  about  a  change  in  his  work. 

It  is  the  almost  universal  custom  now  to  employ  a  resident 
survevor  for  each  mine.  He  mav  have  one  or  more  assistants^ 
according  to  the  size  of  the  mine.  Tfis  first  dutv  on  appoint- 
ment is  to  acduaint  himself  with  the  boundaries  of  his  property. 
Here  he   is  at   cmce   thrown   into  contact   with   the  work  of  a 
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government  surveyor^  who  has  surveyed  the  several  units  of 
claim  area,  of  which  this  mining  proposition  may  be  the  sum, 
has  recorded  his  surveys  in  diagram  form  and  in  most  cases  has 
left  someone  else  to  build  the  beacons. 

A  beacon  is  probably  too  well  known  to  all  to  need  descrip- 
tion, but  it  is  without  doubt  the  most  abused  representation  of 
a  point — which  should  have  "no  parts  and  no  magnitude."  The 
point  may  be  fixed  by  the  government  surveyor  or  the  beacon 
may  be  accepted  by  him  and  fixed;  but,  in  either  case,  that 
mark,  through  no  fault  of  the  surveyor's,  never  seems  to  remain 
for  long  in  the  exact  spot,  and  if  there  be  no  more  than  one 
government  surveyor  concerned  in  the  survey  of  these  units, 
above  referred  to,  there  will  probably  be  small  discrepancies  in 
the  total  area  and  boundaries  of  the  property.  For  the  most 
part,  however,  a  goldfields'  survey  has  followed  the  survey  of 
small  units  of  claims,  and  the  boundaries  of  most  of  the  older 
companies  have  long  since  been  fixed  and  referred  to  one 
common  origin.  Government  trig,  stations  are  scattered  along 
the  fields,  and  the  survej'or  can  refer  to  these,  whilst  he  is 
always  at  liberty  to  measure  his  own  base  line  and  determine 
anew  the  value  of  his  boundary  beacons.  In  this  he  is  largely 
assisted  by  the  government  surveyor's  work  of  fixing  myn- 
pachts,  werfs,  and  such  reserves  of  ground  prior  to  the  procla- 
mation of  the  farm  on  which  his  property  is  situated.  So  that 
the  surveyor  on  these  fields  is  not  called  upon  to  determine  his 
own  meridian,  and  this  one  factor  alone  admits  of  a  standard  of 
surveying  knowledge  which  is  less  advanced  than  that  required 
of  the  government  surveyor.  By  this  I  do  not  mean  to  imply 
that  it  is  unnecessary  for  a  mine  surveyor  to  know  how  to  deter- 
mine his  meridian,  for  these  fields  do  not  bound  the  mining  area 
of  the  Colony,  and  it  may  possibly  occur  that  the  government 
surveyor  has  not  got  sufficiently  far  ahead  of  mining  work  to 
have  established  any  local  trig,  stations.  But  locally  we  can 
avail  ourselves  of  the  service  of  mine  surveyors  who  have  not 
advanced  to  this  standard  of  knowledge. 

Having  determined  the  value  of  his  boundary  beacons  to 
his  satisfaction,  the  surveyor  proceeds  to  run  a  small  triangula- 
tion  over  the  property  which  shall  serve  him  to  locate  (1)  his 
shaft  or  shafts,  and  (2)  his  surface  works.  On  a  comparatively 
new  mining  venture  this  work  does  not  present  any  great  diffi- 
cultv,  but  on  the  older  mines  evidences  of  such  surveys  are 
easily  obliterated  by  the  extensive  use  of  the  surface  for  the 
erection  of  reduction  plant,  quarters,  offices,  and  more  particu- 
larly, waste  rock,  tailings,  and  slimes  dumps.  In  such  cases  the 
selection  of  suitable  triangles  is  often  a  matter  of  some  difficulty ; 
a  base  line  of  any  suitable  length  cannot  be  found  perhaps  on 
the  property,  and  resort  must  be  had  to  a  much  larger  triangu- 
lation  from  the  farm  boundary  than  would  otherwise  have  been 
necessary  for  locating  the  surface  objects. 
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These  are  difficulties  which  call  for  ready  resource  from 
the  surveyor  and  test  his  knowledge  of  mathematics.  The  im- 
portance of  locating  a  shaft,  upon  which  the  subsequent  con- 
nection between  surface  and  underground  workings  must  be 
correctly  established  in  relation  to  the  boundaries  of  the  pro- 
perty, cannot  be  overlooked. 

The  nature  of  traverse  work  employed  by  the  surveyor 
underground  is  apt  to  warp  his  appreciation  of  both  a  base-line 
of  the  correct  proportions  and  his  observation  of  the  angles  of 
triangles  on  the  surface.  Of  course  it  is  impossible  to  be  dog- 
matic and  lay  down  any  hard  and  fast  rule  as  to  dimensions, 
because  circumstances  alter  cases.  Before  proceeding  further 
with  the  connection  of  surface  and  underground  it  would  be  as 
well  to  follow  the  surveyor's  work  on  the  surface. 

From  the  small  or  secondary  triangulation  it  is  quite  easy 
to  fix  the  surface  works.  The  work  is  done  in  tlie  quickest 
manner  by  means  of  the  taclieometer,  of  suitable  dimensions  to 
give  accurate  readings  in  accord  with  the  scale  to  which  the 
work  is  to  be  plotted  and  the  degree  of  utility  to  which  the  plan 
IS  to  be  placed.  In  practice  azimuth  angles  are  not  read  to 
seconds,  distances  are  read  in  feet,  and  inclined  distances  are 
not  reduced  for  moderate  degrees  of  dip.  A  sketch  should  accom- 
pany the  record  of  all  readings,  and  the  dimensions  of  buildings^ 
etc.,  are  made  by  tape,  aftording  a  rougli  check  on  the  tacheo- 
moter  work.  In  plotting,  the  protractor  and  scale  are  the 
instruments  required,  and  the  size  or  form  of  the  protractor  will 
limit  the  accuracy  of  the  instrumental  reading  required.  The 
triangulation  often  accompanies  such  survey  work,  and  can  be 
carried  out  at  the  same  time.  The  calculation  precedes  the 
plotting,  and  the  plan  is  provided  with  a  suitable  net,  by  means 
of  which  the  trig,  points  are  accurately  plotted  to  form  a  base 
on  which  the  protracting  is  done. 

In  most  mines  construction  work  is  going  on  nearly  all 
through  the  life  of  the  mine.  The  mechanical  engineer  always 
wants  levels,  and  the  surveyor  sooner  or  later  will  be  called 
upon  for  a  contour  survey  of  some  sort.  A  contour  plan  enables 
the  mechanical  engineer  to  form  a  mental  picture  of  the  whole 
property,  and  to  rapidly  adapt  any  scheme  of  construction  to  its 
environment.  Two  methods  are  adopted  (1)  a  series  of  sectional 
levels  with  the  dumpy,  and  (2)  tacheometrv.  The  former  is 
slow,  but  sure,  and  requires  little  further  comment  if  carried 
out  to  a  sufficient  extent  to  avoid  much  freehand  work  when 
drawing  in  the  contours.  The  latter  is  a  rapid  method  giving 
any  number  of  points  all  over  the  property.  It  has  the  disad- 
vantage, however,  of  not  sinewing  up  local  depressions  or  irregu- 
larities of  surface,  which  for  the  mechanical  engineer  are  so 
important  for  the  consideration  of  his  (»xcavation  and  founda- 
tion work.  Such  contouring  is  rather  a  guide  to  further  detail 
as  occasion  should  require. 
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Other  surface  work  required  of  the  surveyor  is  the  laying 
out  of  construction  work,  laying  down  centre  lines  of  engines^ 
railway  sidings  and  dam  construction. 

The  construction  work  may  be  extended  to  the  measure- 
ment of  masonry,  earthwork  and  excavation  work,  and  in  many 
<ases  the  surveyor  will  be  expected  to  know  what  is  good 
masonry,  concrete,  and  the  several  qualities  of  cement  work, 
and  also  what  burden  of  foundations  various  strata  can  bear. 

Laying  down  engines  with  an  instrument,  especially  wind- 
ing engines  in  line  with  the  winding  sheaves,  is  often  required 
as  a  preliminary  to  fixing  the  template.  This  work  is  in  a  sense 
a  corollary  to  the  laying  out  of  the  line  of  an  incline  shaft  on 
the  surface.  The  traffic  about  the  collar  of  a  shaft,  the  many 
platforms  and  stages  sometimes  erected  over  the  collar,  are 
wont  to  interfere  with  the  surveyor's  shaft  point.  The  practice, 
therefore,  of  carrying  out  a  line  and  one  at  right  angles  to  it, 
so  as  to  recover,  if  not  the  actual  point,  at  least  the  line  of 
direction  of  the  shaft  cannot  be  too  strongly  recommended. 

Laying  out  railway  sidings  is  practically  an  innovation 
since  the  war,  and  is  work  which  on  the  average  is  neither 
extensive  nor  beset  with  any  great  difficulties.  Bunker  capacity 
at  the  boiler  house  fixes  the  terminal  level,  and  grades  of  3^  to 
4  per  cent,  have  been  admitted  for  short  lengths.  These  and 
other  limitations,  however,  have  been  over-ridden  through 
necessity,  since  most  plants  have  been  laid  out  prior  to  the 
obtaining  of  permission  to  put  in  a  siding. 

Too  much  care  cannot  be  given  to  fixing  tlie  surveyor's 
surface  points.  The  object  of  the  survey  is  not  solely  to  repre- 
sent contours,  surface  works,  etc.,  but  to  be  able  to  carry  on 
such  and  always  keep  up  to  date.  T^nfortunately,  such  points 
as  must  nearly  be  always  chosen  in  elevated  positions  on  dumps 
and  reservoir  banks  always  disappear,  and  though  excellent 
trig,  points,  become  useless  as  auxiliaries. 

Turning  now  to  underground  work,  we  come  into  tcnich 
witli  the  mining  knowledge  of  the  surveyor.  The  primary  step 
in  connecting  surface  with  underground  has  already  been 
touched  upon,  viz.,  the  location  of  shaft  point.  The  shaft  may 
be  vertical  or  inclined. 

In  the  case  of  a  vertical  shaft  the  method  adopted  in  the 
past  of  transferring  the  meridian  below  ground  has  been  by 
plumbing.  I  will  not  go  into  the  technical  details  of  this 
method,  the  matter  has  been  recently  touched  upon  in  the 
transactions  of  a  local  technical  society.*  The  discussion  of  a 
paper  on  this  subject  brought  to  light  the  most  recent  researches 
and  justifj'  me  in  declaring  that  we  must  endeavour  to  find  a 
more  accurate  method  of  transferring  our  meridian  down  a  deep 
vertical  shaft  than  by  plumb-lines.       Air  currents   have   been 

*  Institute  of  Mine  Surveyoni,  Pai)er  by  K.  Sartorius,  pub.  S.A.  Mines, 

22nd  August,  19a3. 
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proved  to  cause  important  convergences  and  divergences  in  the 
plumbs  at  the  foot  of  the  shaft.    The  result  is  to  cause  an  error 
m  verticality  of  the  plumb-line,  and  an  error  in  the  orientation 
of  our  base-line  down  below.     The  effect  of  such  errors  trans- 
mitted through  several  hundreds  of  feet  of  driving  to  connect 
with  a  similar  drift  from  another  shaft  is  appreciable,  and  can 
easily  exceed  the  error  allowed  by  regulation.     To  overcome 
such  difficulty  there  are  two  possible  alternatives.     Firstly,  to 
work  back  from  a  permissible  error  in  the  underground  connec- 
tion required  to  the  orientation  of  the  base.   Assuming  the  error 
from  the  true  position  of  the  latter  to  be  due  to  air  currents,  we 
can  estimate  a  force  the  horizontal  component  of  which  will 
cause  this  displacement.    From  this  we  have  the  velocity  of  air 
current  and  by  direct  measurement  of  ventilation  in  our  shaft 
can  tell  to  what  extent  we  must  impede  this  ventilation  for  the 
purpose  of  our  plumbing  so  as  to  keep  within  these  limits.    This 
is  not  a  method  which  I  ran  recommend,  because  in  the  first 
place  we  have  not  reached  the  great  depths  which  I  am  antici- 
pating, and  secondly,  because  in  practice  one  is  not  at  liberty, 
as  a  rule,  to  spend  much  time  over  such  an  operation  in  a  shaft^ 
nor  do  I  anticipate  that  one  will  be  in  a  position  to  reduce  the 
velocity  of  the  air  current  to  that  required.    And  yet  I  cannot 
lay  out  any  more  satisfactory  suggestion  in  coming  to  my  second 
method  of  overcoming  the  difficulty.     This  is  to  return  to  the 
use  of  a  nadir  instrument  and  by  a  direct  observation  survey  in 
a  line  at  the  foot  of  the  shaft.     Experiments  in  this  direction 
have  been  recently  conducted  locally,  but  have,  I  understand, 
not  met  with  the  fullest  success.     We  have  here  to  encounter 
chiefly  the  difficulties  of  distinct  vision  at  great  depths.     It  is 
an  inherent  factor  in  the  construction  of  a  telescope  that  macrni- 
fj'ing  power  and  a  distinct  image  over  considerable  intervals  of 
space  and  the  atmospheric   conditions  encountered   in    shafts 
necessitate  an  objective  of  a  long  focal  length  and  of  some  size. 
Such  a  requirement  does  not  come  within  the  scope  of   the 
mining  theodolite  as  at  present  constructed,  and  it  remains  to 
be  seen  whether  experience  will  demand  the  construction  of  a 
special  instrument  for  this  purpose. 

In  the  case  of  an  inclined  shaft,  we  have  to  establish  our 
connection  with  the  underground  workings  bv  means  of  a  tra- 
verse. A  traverse  means  simply  the  measurement  of  an  anj^le 
between  the  direction  of  one  line  and  another  from  the  point  of 
intersection  of  the  two  lines.  To  fix  the  lines  their  lengths  are 
measured,  and  both  angular  and  linear  measurements  i-eferred 
to  one  common  origin  and  meridian  by  co-ordinate  geometry. 
You  will  recognise  the  details  of  backsiglit  and  foresight  from  a 
given  station,  and  it  will  not  be  necessary  for  me  to  elaborate 
the  points  in  connection  with  the  centreing  of  the  instrument 
and  location  of  l)ench-marks,  which  are  important  details  well 
explained  in  text-books.  But  it  is  advisable  to  call  attention  to 
the  apparently  simple  object  of  measuring  this  angle.    I  have 
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not  so  far  made  any  reference  to  methods  of  using  a  surveying 
instrument,  nor  have  I  spoken  of  the  instruments  themselves. 
The  mining  theodolite  is  so  bound  up  with  the  history  of  sur- 
veying that  it  would  form  a  big  treatise  in  itself  to  trace  its 
growth  and  development.  In  fact  a  discussion  raised  in  the 
American  Inst,  of  Mining  Engineers*  extended  over  a  period  of 
several  years,  and  drew  contributions  from  all  parts  of  the 
world.  In  this  district  there  are  many  types  of  instruments  in 
use  of  English,  German,  and  American  make,  and,  almost  uni- 
versally, transit  theodolites,  sometimes  combined  with  the 
tacheometer.  The  use  of  such  an  instrument  is  part  and  parcel 
of  the  theory  of  its  design,  and  for  the  adjustments,  repitition  of 
angles  and  elimination  of  instrumental  and  personal  errors  of 
observation,  I  must  again  avoid  encroaching  upon  the  text- 
books. In  mining  work,  however,  there  are  points  which  are 
not  always  elaborated  in  text-books.  It  is  not  only  necessary  to 
check  the  measurement  of  an  angle,  but  in  addition  to  the  elimi- 
nation of  the  errors,  I  have  already  referred  to,  it  is  necessary  to 
devise  a  method  of  reading  that  angle  and  recording  the  reading 
by  some  mechanical  self-checking  process. 

The  traverse  is  further  extended  to  the  fixing  of  relative 
levels  of  all  benchmarks.  This  may  be  done  in  the  one  opera- 
tion of  fixing  the  azimuth  of  the  new  station  by  means  of  the 
vertical  circle  attached  to  the  instrument  and  certain  measure- 
ment of  plumb-lines  used,  or  it  may  be  carried  out  indepen- 
<lently  by  the  dumpy  level  and  levelling  staff.  A'ertical  angles 
may  be  read  and  checked  by  a  similar  self-checking  process. 
The  surveyor  has  to  bear  in  mind  the  advisability  of  always 
being  up  to  date  with  his  work,  and  I  think  that  these  two  pro- 
"Oesses  should  be  both  employed,  the  latter  as  a  check  on  the 
former. 

Whilst  conducting  a  traverse  along  the  level,  the  surveyor 
has  to  note  the  position  of  his  station  points  in  the  drive,  and 
to  refer  the  sides  of  the  drive,  by  off-setting  or  sketching  to  his 
traverse  line.  Faults,  dykes,  and  dislocations  of  all  kinds  have 
to  be  fixed  before  proceeding  and  sketched  in  the  field-book  for 
future  reference.  Development  work  precedes  sloping,  so  that 
box-holes  for  the  slope  plan  will  be  measured  in  later. 

X'ntil  recently  it  was  not  compulsory  for  the  surveyor  to 
liave  to  represent  anything  more  in  plan  than  the  actual  drifting 
iind  sloping  of  the  mine.  That  is  to  say,  the  Government  did 
not  require  of  him  more  than  the  representation  in  plan  of  any 
hole  in  the  ground.  Instructions  were  drawn  up  so  as  to  illus- 
trate  the  difference  between  one  hole  and  another,  but  there  was 
no  call  for  representation  of  where  the  ore  body  was  being  ex- 
ploited and  where  not.  It  is  due  to  the  present  Government, 
who,  after  several  consultations  with  the  mine  surveyors  them- 
selves, with  the  consulting  engineers  and  with  the  mine  man- 
Transactions  American  Institnte  of  Mining  Engineers,  Vols.  XXVII.  and  XXXI« 
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agers,  decided  to  call  for  information  on  the  plan  as  to  tlio 
nature  and  extent  of  the  reefs  worked.     It  was  only  natural 
that  the  surveyor  with  his  mining  knowledge  was  always  ex- 
pected by  his  manager  to  be  conversant  with   this  important 
information,  but  he  was  never  called  upon  to  shew  it  in  plan^ 
and  there  was,  therefore,  no  means  of  passing  on  this  knowledge 
to  his  successor.    Now,  however,  by  a  simple  process  of  represen- 
tation in  colours,  he  is  able  to  shew  just  where  the  reef  is  and 
just  what  reef  it  is.    Minor  details  such  as  dip  are  further  added, 
and  the  whole  is  now  a  picture  of  how  the  work  of  exploration 
is  being  conducted.     The  surveyor  is  called  upon  to  s1m)w  sepa- 
rately the  work  of  development  and  the  work  of  stoping.     The 
representation  of  the  stopes  octuipies  much  of  his  time.     ITe^ 
must  be  prepared  to  satisfy  contractors  with  his  measurements^ 
and  he  must  follow  up  the  work  done  by  day's  pav,  whether  by 
machine  or  hand  labour.    At  certain  fixed  intervals,  which  may 
be  quarterly  or  monthly,  he  is  expected  to  be  able  to  give  a. 
return  of  the  total  tons  extracted  over  a  certain  area  at  a  certain 
thickness.     From   his   careful   determination    of   these   factors, 
depends  the  estimate  of  the  future  life  of  the  mine.    lie  may  in 
cases  be  called  upon  to  keep  the  cost  sheets  of  woik  done  on  con- 
tract, and  to  sign  a  statement  of  mcmey  due  to  contractors  at  a 
price  fixed  by  his  manager.     In  development   work   it  is  ex- 
pected that  he  will  guide  the  manag(»nient  in  <hc  followincr  of 
reef,  and  in  the  search  after  it  when  faults  and  dislocations  of 
all  sorts  are  encountered.     lie  will,  of  course,  have  to  lay  out 
and  carry  through  all  connections  in  the  course  of  development. 
He  will  furnish  the  informatitm  for  the  return  of  ore  reserves. 
In  office  work  he  must  be  a  ouick  draughtsman,  neatness 
and  uniformitv  of  work  are  very  advisable,  but  shoidd  never  be- 
sacrificed  for  the  sake  of  accuracy.    In  calculation  work  there  is 
(me  golden  rule  that  all  calculations  made  must  be  checked  by 
some  independent  method.     It  sounds  laborious  to  have  to  check 
the  conversion,  say,  of  Cape  feet  into  English  feet  by  turning 
English  feet  back  into  Cape  feet,  but  it  is  the  only  sound  prin- 
ciple.    Surface  triangles  are  best  calculated  in  accordance  with 
the  practice  of  government  surveyors  of  the  Colony,*  aifording- 
a  mechanical  as  well  as  actual  check  on  the  one  point  at  tbe^ 
apex.  Traverses  are  tackled  by  taking  angles  from  the  field-book 
in  such  a  manner  that  the  sum  of  the  angles  observed  at  any  one 
station  are  adjusted  to  *^60  degrees.     These  are  referred  to  the 
angle  of  direction  or  bearing  of  backsight  in  such  manner  that 
an  angle  measured  in  what  is  often  called  the  right-hand  way  or 
left-hand  way  does  not  need  to  worry  the  surveyor,  since  the- 
angle  of  direction  of  his  foresight  will  come  out  to  a  direction 
checked  by  another  180  degrees  from   it.     Latitudes  and   de- 
partures are  calculated  by  any  two  of  the  following  methods :  — 
Logarithmic  tables,  traverse  tables,  natural  sines  and  cosines 

•  Vidf  Tables  of  Natural  Sines  and  Cosines  by  C.  L.  H.  Max  Jurisch. 
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and  the  calculating  machine.  The  addition  of  the  co-ordinate 
values  of  a  station  to  the  calculated  latitudes  and  departures  is 
done  twice  to  determine  the  value  of  the  new  point.  There  is  a 
possible  source  of  error  in  extracting  the  angles  from  a  field- 
book,  and  to  eliminate  such  an  error  there  is  much  to  be  said  for 
following  the  traverse  by  an  independent  check  in  using  the  pris- 
matic compass.  Any  marked  dift'erence  in  the  magnetic  decli- 
nation would  be  at  once  observed.  The  surveyor  is  often  using 
his  compass  in  determining  the  strike  of  any  fault  or  in  bringing 
the  face  of  a  drift  roughly  up  to  date;  so  that  he  will  in  ihe 
ordinary  course  of  work  be  brought  constantly  in  touch  with  a 
check  on  his  directicm  referred  to  the  true  meridian. 

The  surveyor  may  be  called  upon  to  keep  a  plan  record  of 
all  values  as  disclosed  in  the  mine.  If  he  has  control  qf  the 
sampling,  his  knowledge  of  geology  is  further  exercised,  and  the 
assay  results  of  samples  are  compiled  by  him  in  suitable  form 
according  to  requirements.  When  the  sampling  is  conducted 
independently  of  his  office,  he  is  not  infrequently  required  to 
record  on  an  assay  plan  information  supplied  him  from  the 
assav  office. 

It  is  obvious  now,  if  we  reflect  upon  the  many  points 
which  I  have  endeavoured  to  enumerate,  without,  I  hope,  going 
too  firreatly  into  detail,  that  we  have  here  a  species  of  knowledge 
which  we  can  class  as  professional.  The  Government  is  on 
the  eve  of  granting  certificates  to  mine  surveyors,  and  in  a 
sense  they  will  be  creating  a  distinct  profession.  Such  a  pro- 
fession is,  I  think,  worthy  of  consideration.  In  the  past  we 
have  seen  the  mine  surveyor  filling  such  a  position  on  a  mine 
largely  with  a  view  to  perfecting  his  knowledge  of  mining 
engineering,  and  not  the  accuracy  of  his  surveying  methods. 
He  was,  for  a  man  with  a  technical  training,  a  not  too  highly 
paid  official  of  the  mine,  filling  a  temporary  position  prelimi- 
nary to  that  of  a  mine  captain's  work  or  even  manager's.  But 
now  there  is  a  hope  of  change  of  a  more  encouraging  nature. 
Such  accurate  observation  as  is  now  required  of  him,  such  a 
standard  as  will  be  given  him  by  the  Government  will  surely 
create  a  feeling  amongst  the  directors  of  this  mining  industry 
that  we  can  better  make  use  of  this  species  of  knowledge  the  sur- 
veyor is  acquiring,  than  by  allowing  him  to  move  about  from  one 
step  to  another  in  the  profession  of  mining;  that  it  will  pay 
us  to  recognise  the  profession  of  a  mine  surveyor.  We  can 
couple  with  his  duties  the  control  of  sampling  and  assay  work, 
about  which  I  have  said  little  in  my  previous  remarks,  and  thus 
make  of  him  a  valuator  of  considerable  usefulness,  a  technical 
adviser  on  the  mine,  untrammelled  by  the  consideration  of 
business  requirements  in  running  that  mine. 
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There  are  seven  causes  of  probable  error,  due  to  alignment, 
^ftaelination,  comparisons  with  standards,  readings  of  index,  ])er- 
onal  errors,  uncertainty  of  iemperature,  and  adopted  rate  of 
rxpansion. 

In  the  measurement  of  the  base  on  the  ordnance  survey  of 
reland  in  1847,  General  Colby's  **  compensatinsr  bars  "  were 
sed.  This  apparatus  consists  of  two  bars,  one  of  iron  and  the 
ther  of  brass,  placed  parallel  to  each  other  1^  inches  apart, 
ivetted  together  at  their  centres,  it  having  been  ascertained 
hat  they  expanded  and  contracted  in  their  transition  from  cold 
o  heat,  and  the  reverse,  in  the  proportion  of  three  to  five.  At 
^he  extremities  of  these  bars  are  fixed  tongues  of  iron,  with 
^sninute  dots  of  platinum  so  situated  on  these  tongues  that  at 
different  temperatures  they  remain  at  a  constant  distance.  The 
Tods  had  to  be  supported  throughout  in  troughs  and  the  mea- 
surement made  by  visual  and  not  actual  ctmtact,  powerful 
microscopes  being  used  for  the  purpose. 

The  distance  measured  in  a  (lay  was,  on  the  average,  250 
feet.  In  the  Indian  survey,  where  the  same  apparatus  was  used, 
the  speed  of  the  measurement  was  greater,  amounting  to  one 
mile  m  five  days. 

An  appliance  invented  by  Professor  Jaderin,  of  Sweden, 
and  which  is  gaining  the  confidence  of  geodesists,  renders  the 
measurement  of  a  base  line  more  easy  and  more  rapid.  This 
is  the  use  of  nickel-steel  wires  of  one-sixteenth  inch  thick,  with 
small  graduated  scales  at  the  ends.  The  co-efficient  of  ex])an- 
sion  of  nickel-steel  being  very  low  and  consistent,  there  is  less 
chance  of  error  due  to  the  uncertainty  of  knowing  the  exact 
temperature  of  the  wires. 

This  appliance  was  used  by  the  Russian-Swedish  expedition 
which  went  to  Spitzbergen  in  1899  and  carried  out  the  measure- 
ment of  an  arc  of  meridian,  from  South  Cape  76  deg.  30  niin. 
latitude  north,  to  Rosso  80  deg.  50  min.  latitude  north,  the 
wires  used  being  kept  at  a  given  constant  tension  by  the  use  of 
two  dynamometers.  Special  tripods  were  arranged  along  the 
base-line,  and  the  exact  interval  between  marks  on  two  tripod 
heads  was  measured.  The  readings  were  taken  four  times,  and 
a  base  of  6,500  yards  measured  in  four  days,  with  a  probable 
error  of  1  in  400,000.  The  triangulation  was  completed  to- 
wards the  end  of  1901. 

In  1902  the  coast  and  geodetic  survey  of  the  United  States 
had  in  hand  the  completion  of  two  systems  of  triangulation, 
which  will  form  the  main  framework  or  control  for  all  surveys 
in  the  States.  Nine  primary  base  lines  have  been  measured,  and 
will  control  the  lengths  on  1,100  miles  of  the  98th  meridian  tri- 
angulation. The  base-lines  were  measured  before  any  triangu- 
lation was  started.  The  bases,  ranging  from  about  6,000  yards 
to  13,000  yards  in  length,  with  an  aggregate  of  43  miles,  were 
measured  in  six  months,  by  a  party  of  ten  persons,  of  whom 
three  were  experienced  surveyors,  the  average  probable  error 
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being  stated  as  1  in  1.200,000  (oue  milliou,  two  kumlred  thou- 
sand >.  The  cost,  including  lalxmr.  standardising  the  appara- 
tus, and  transport,  was  about  £52  (Hfty-two  pounds)  per  mile. 

Five  sets  of  apparatus  were  used,  there  being  two  100  metre 
steel  tapes,  two  oO  metre  steel  tapes,  and  the  Eimbeck  Duplex 
Bar  apparatus.  All  five  sets  were  used  on  each  base,  a  thou- 
sand yards  being  measurc^l  with  the  five,  and  the  remaining 
sectiiMis  twice.  From  these  measurements  it  was  shown  that  by 
usin^  steel  tapes  about  as  a<<*urate  results  are  secured  as  by 
using  duplex  metal  bars,  whilst  the  tape  measurement  is  nearly 
three  times  as  rapid.  The  tapes  used  were  of  thin  steel,  about  a 
quarter  of  an  inch  broad.  In  order  to  secure  even  tension  of 
the  tapes  a  special  apparatus  is  used.  It  consists  of  a  lever 
hinged  by  a  universal  joint  to  a  platform  on  which  the  operator 
stands.  The  lever  is  made  of  steel  tubing,  with  a  handle:  the 
tulx*  has  a  sci-ew  thi-ead,  on  which  a  wheel-nut  plays  freely. 
This  nut  gives  a  vertical  motion  to  a  gimbal-jointed  support,  to 
which  a  spring  balance  is  attached.  The  spring  balance  has  a 
breaking  link  inserted  between  it  and  the  tape,  so  that  the  link 
parts  whenever  too  great  a  tension  is  applied:  this  is  to  prevent 
overstraininur  of  the  tape  by  accident. 

The  first  arc  of  meridian  measured  in  the  Southern  Hemi- 
sphere was  done  by  the  Abbe  de  Lacaille  in  1752,  near  Cape 
Town.  It  was  thus  a  matter  of  great  scientific  interest  to 
fletermine  whether  the  form  of  the  earth  in  the  Southern  Hemi- 
sphere is  similar  to  that  in  the  Northern  Hemisphere.  This 
arc  was  nearly  1|  degrees  in  length. 

The  length  of  a  degree  of  latitude  {•\4  deg.  S.),  derived  by 
Lacaille  from  this  survey,  was  for  a  long  time  a  subject  of 
pc»ri>lexity  to  theoretical  investigators  of  the  figure  of  the  earth, 
as  the  resulting  length  was  much  greater  than  it  could  be  if  the 
form  r»f  the  earth  in  the  Southern  Hemisphere  were  the  same  as 
in  the  Northern  Hemisphere,  and  Lacailles  reputation  for  accu- 
racy ensured  respe<-t  for  his  work. 

The  discrepancy  remained  unexplained  until  Sir  Thomas 
Maclciir,  then  Her  Majesty's  Astronomer  at  the  Cape,  undertook 
\\w  verification  and  extension  of  Lacailles  arc. 

A  new  l)as<-line  was  measured,  nearly  nn  the  same  site  a» 
Lacailles.  8.1  miles  in  length.  This  was  started  in  1840,  and 
the  field  work  and  observations  completed  in  1848.  Maclear's 
arc  has  an  astronomic^mi^itude  of  4  de!g;..37  min.  in  latitude. 
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partly  for  the  purpose  of  forming  reference  points  to  correct  the 
then  very  inaccurate  and  defective  state  of  the  charts  of  the 
coast,  and  partly  to  afford  means  of  better  connecting  the  de- 
tached property  surveys,  through  that  portion  of  the  Colony. 

When,  in  1862,  the  work  was  completed,  the  survey  party 
embarked  at  Algoa  Bay  en  route  for  England  on  board  the  ill- 
fated  steamer  "  Waldensian,"  which  struck  upon  the  rocks  off 
Struys  Point,  and  became  a  total  wreck,  the  instruments,  draw- 
ings, and  original  observation  books,  sheets  with  full  abstracts, 
■calculation  books  of  every  kind,  all  complete  in  every  respect, 
were  lost. 

Fortunately,  copies  of  "  Abstracts  of  Angles  "  had  been 
supplied  to  the  Admiralty  Surveyor  engaged  on  the  coast  sur- 
vey, and  other  **  Abstracts  of  Angles  "  to  the  Surveyor-General, 
and  from  these  and  other  information  supplied  to  other  persons 
an  account  of  the  work  was  compiled  by  Captain  Bailey,  and 
printed  in  a  report  to  the  Cape  Parliament  in  1863. 

To  Sir  David  Gill,  who  was  appointed  as  ller  Majesty's 
Astronomer  at  the  Cape  in  1879,  is  due  the  great  progress  made 
in  the  geodetic  survey  of  South  Africa. 

To  Sir  David  Gill  I  must  apologise  for  the  free  use  I  have 
made  of  his  report  on  the  Geodetic  Survey  of  South  Africa,  made 
in  1895,  and  printed  in  the  Cape  Colony  blue  book  of  1896. 
To  this  report,  and  also  that  of  Colonel  Morris,  who  executed 
the  survey  under  the  direction  of  Sir  David  Gill,  and  which  is 
printed  in  the  same  blue  book,  I  would  refer  anyone  who  is 
anxious  to  study  the  questicm  of  geodetic  surveying,  for  in  it 
there  is  to  be  found  a  complete  account  of  all  the  operations. 
The  geodetic  survey  reported  on  extends  from  the  north  of 
Xatal  through  Griqualand  East  to  Port  Elizabeth,  from  Port 
Elizabeth  to  Caledon  and  Cape  Town,  Port  Elizabeth  to  Kim- 
berley,  Hanover  to  Calvinia,  Cape  Town  to  Calvinia,  and  a  tie 
from  Fraserburg  to  Oudtshoorn.  The  work  was  executed  dur- 
ing the  years  1883  to  1892. 

Through  Sir  David  Gill's  instrumentality,  a  geodetic  sur- 
vey has  been  carried  out,  extending  along  the  30th  meridian, 
from  the  south  of  Bulawayo  to  the  Zambesi. 

Colonel  Morris  is  at  present  carrying  out  a  geodetic  survey 
in  this  colony. 

Before  measuring  the  base  lines  in  connection  with  the 
Xatal  and  Cape  Colony  surveys,  the  standard  bar  of  the  Cape 
Colony  was  sent  to  France  to  be  tested,  and  thoroughly  investi- 
gated. This  work  was,  most  kindly,  voluntarily  undertaken  by 
the  International  Bureau  of  Weights  and  Measures  at  Breteuil, 
near  Paris.  . 

This  standard  bar  was  used  by  Sir  Thomas  Maclear,  and  is 
a  rectangular  iron  bar  64.5  millimetres  (2i  inches)  deep,  by  38 
millimetres  (1^  inches)  broad.  For  a  distance  of  about  two 
inches  from  its  extremities,  it  is  cut  down  to  half  its  height,  ex- 
posing two  plane  rectangular  surfaces  coincident  with  its  neu- 
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tables  on  their  tops,  to  which  plates  of  zinc  are  nailed.  The 
portion  of  the  forward  end  graduation  of  the  wire  or  narrow 
tape  is  marked  on  the  plates  as  the  work  progresses,  by  means  of 
a  sharp  bradawl  held  against  the  edge  of  a  try-square  aligned 
against  the  edge  of  the  plate,  the  rear-end  graduation  being 
brought  in  coincidence  with  these  marks. 

At  each  end  of  a  base-line  permanent  marks  are  left,  which 
can  be  referred  to  again  if  necessary. 

The  altitude  of  the  base-line  above  sea-level  has  to  be  de- 
termined, for  in  all  geodetic  work  it  is  necessary  to  have  some 
base  to  which  to  refer,  and  that  of  the  mean  sea-level  has  been 
taken  to  be  the  most  appropriate. 

During  the  actual  measurement  of  the  base-line,  the  in- 
clines of  the  different  portions  are  taken,  or  in  the  case  of  using 
wires,  the  levels  of  the  tops  of  the  tripods,  and  the  length  of 
the  base  altered  accordingly. 

The  necessity  of  then  reducing  the  length  of  the  base  to 
sea-level  for  geodetic  purposes  is  very  apparent,  when  we  con- 
sider the  degree  of  accuracy  aimed  at,  and  also  the  great  correc- 
tion required. 

Considering  the  earth  as  a  sphere  with  a  radius  of  about 
four  thousand  miles,  a  base  of  4,000  yards,  measured  at  an  alti- 
tude of  one  mile,  5,280  feet  (being  somewhat  less  than  the  eleva- 
tion of  Johannesburg)  above  the  sea,  would,  when  radially  pro- 
jected on  to  the  sea,  be  3,999  yards,  or  in  other  words  would 
have  to  be  adjusted  to  the  extent  of  1  in  4,000. 

Few  bases  have  ever  been  measured  solely  for  the  deter- 
mination of  the  value  of  an  arc  of  the  meridian,  or  of  a  parallel 
of  longitude,  but  have  formed  at  the  same  time  the  foundation 
of  the  survey  of  a  country,  consequently  the  stations  used  in 
carrying  out  the  geodetic  survey  are  generally  constructed  of 
some  durable  material,  and  also  have  marks  that  can  be  re- 
covered, buried  below  them  in  the  ground.  Stations  having 
thus  been  constructed  to  form  a  chain,  or  chains,  of  triangula- 
tions,  the  next  operation  consists  in  observing  the  angles  of  th(^ 
triangles. 

The  theodolite  used  for  this  purpose  must  rest  on  a  solid 
foundation,  and  when  it  is  necessary,  as  is  sometimes  the  case, 
that  a  scaffold  has  to  be  erected  to  support  the  instrument,  then 
another  has  to  be  erected  outside  this  to  carry  the  observer,  and 
these  two  must  not  in  any  way  touch. 

The  instrument  is  adjusted  at  every  station,  and  numerous 
headings  of  the  various  stations  taken,  in  order  to  get  rid  of  any 
Errors  of  graduation,  and  so  secure  the  angular  values  with  the 
least  degree  of  probable  error. 

Owing  to  the  fact  that  the  axis  of  rotation  of  the  theodolite 
tioincides  with  the  normal  to  the  earth's  surface,  no  correction 
is  required  on  account  of  its  height  above  the  sea,  and  as  the 
angles  measured  between  distant  points  are  those  contained  be- 
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tween  the  vertical  planes  passing  through  the  axis  of  the  instru- 
ment and  those  points,  the  angles  measured  are  those  of  a 
spherical  triangle. 

Naturally  the  instruments  used  vary  in  size  and  pattern. 
The  graduations  are  read  by  means  of  micrometers,  where 
great  accuracy  is  required,  or  by  the  usual  microscopes.  Astro- 
nomical observations  are  taken  at  such  stations  as  are  required, 
the  direction  of  the  meridian  or  true  north  is  determined,  and 
the  azimuths  of  the  stations  noted.  Further  observations  are 
also  taken  for  latitude  and  longitude,  to  determine  the  actual 
position  of  these  points  on  the  earth's  surface. 

The    actual    work    of    observing    requires    a    considerable 
amount  of  patience. 

Owing  to  climatic  disturbances,  it  sometimes  happens  that 
an  observer  may  have  to  remain  for  days  or  even  weeks  to  ob- 
tain a  sight  to  some  station  he  is  particularly  anxious  to  observe. 
It  sometimes  happens,  too,  that  a  station  of  importance  has 
been  struck  by  lightning,  and  has  to  be  rebuilt  before  the  neces- 
sary observations  can  be  taken.  Throughout  all  operations, 
constant  watch  has  to  be  kept,  that  no  cause  of  error  may  pass 
undetected.  AVith  regard  to  the  observations  of  the  angles,  it  is 
well  to  divide  the  time  taken  in  making  these,  so  as  to  extend 
over  some  days,  or  in  any  case  that  a  number  of  observations 
may  be  taken  in  the  morning,  and  a  like  number  in  the  after- 
noon ;  this  is  to  get  rid  of  errors  of  lateral  refraction,  which  at 
times  is  considerable.  It  is  of  importance  to  have  a  clear  and 
<listinct  object  to  which  to  observe.  That  used  in  the  Ehode- 
sian  survey  was  very  clear  and  inexpensive.  Two  discs  about 
two  feet  in  diameter  were  attached  at  right  angles  to  each  other 
to  a  short  piece  of  gas-pipe  or  iron  rod,  and  this  in  turn  fitted 
into  a  gas-pipe  of  larger  diameter.  The  larger  gas-pipe,  having 
been  erected  perpendicularly  over  a  mark  on  the  surface  of  the 
ground,  was  made  permanent  by  means  of  masonry  built  in  the 
form  of  a  cone. 

All  the  field  work  having  l>een  finished,  the  next  work  is 
<*arried  out  in  the  office  :  this  is  the  calculation  of  the  triangula- 
tion. 

Inevitable  errors  of  observation,  inseparable  from  all  mea- 
surements, introduce  a  great  difficulty  into  the  calculations  of 
the  sides  of  the  triangles. 

Starting  from  a  given  base,  in  order  to  get  a  required  dis- 
tance (that  is,  the  distance  between  any  two  points),  it  may 
generally  be  obtained  in  different  ways,  or  by  a  different  set  of 
triangles.  The  results  will  certainly  not  be  the  same.  Experi- 
ence r»f  the  computer  will  assist  him  to  decide  on  the  most  trust- 
worthy result. 

The  angles  observed  being  those  forming  the  angles  of  a 
spherical  triancrle,  it  is  possible  to  find  out  the  sum  of  the  errors 
of  the  observed  angles.     In  a  plane  triangle,  the  sum  of  the 
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three  angles  should  be  equal  to  180  deg.,  but  that  of  a  spherical 
triangle,  somewhat  greater.  As  the  area  of  a  spherical  triangle 
ilepends  upon  the  excess  of  the  sum  of  the  angles  over  180  deg., 
so,  by  knowing  the  area,  the  amount  of  the  spherical  excess  is 
obtainable.  The  area  of  a  spherical  triangle  as  generally  used, 
being  almost  the  same  as  that  of  a  plane  triangle  of  the  same 
length  of  sides,  the  excess  is  easily  arrived  at.  In  a  triangle 
of  75.8  square  miles  area,  which  is  equal  to  an  equilateral  tri- 
angle with  sides  about  13  miles  in  length,  the  spherical  excess 
is  only  one  second,  thus  the  excess  in  seconds  in  any  triangle 
would  be  its  area  multiplied  by  .01317. 

In  correcting  the  angles  of  a  triangle  it  is  necessary  to  be 
guided  by  the  weight  of  the  determination  of  each  angle.  When 
^  series  of  direct  and  independent  observations  is  made  under 
similar  circumstances  of  any  measurable  magnitude,  such  as  an 
^ngle,  the  weight  of  the  result  is  equal  to  half  the  square  of 
the  number  of  observations,  divided  by  the  sum  of  the  squares 
of  the  differences  of  the  individual  measures  from  the  mean 
of  all. 

Let  E  be  the  error,  H,  K,  L,  be  the  weights  of  the  three 
angles,  and  let  X,  Y,  Z  be  the  corrections  to  apply. 

We  know  that  X  plus  Y  plus  Z  plus  E  =  O,  and  the  most 
probable  values  are  those  which  make  HX-  plus  KY-  plus  LZ-  a 
minimum 

Here  we  get  a  simple  problem,  the  result  of  which  is 
HX  =  KY  =  LZ,  which  shows  that  the  error  has  to  be  divided 
into  three  parts,  which  shall  be  proportional  to  the  reciprocals 
of  the  weights  of  the  correspondmg  angles. 

Suppose  the  weights  equal,  then  we  subtract  one-third  of 
the  error  from  each. 

The  calculating  of  the  triangulation  can  thus  be  made  by 
treating  the  triangles  as  spherical  triangles.  It  may  also  be 
done  by  considering  the  earth  as  a  spheroid,  which  makes  the 
f^alculations  more  difficult,  or  in  accordance  with  Legendre's 
Theorem,  which  is  the  simplest. 

Legendre's  Theorem  is  :  — 

**  If  from  each  of  the  angles  of  a  spherical  triangle,  the 
sides  of  which  are  small  in  comparison  with  the  radius,  one- 
third  of  the  spherical  excess  be  deducted,  the  sides  of  the  angles 
thus  diminished  will  be  proportionjil  to  the  lengths  of  the  oppo- 
site sides,  so  that  the  triangle  may  be  computed  as  a  plane  tri- 
angle.*' 

By  this  means  the  spherical  triangles  which  present  them- 
selves in  geodesy  are  computed  with  very  nearlv  the  same  ease 
as  plane  triangles. 

The  angles  of  the  triangulation  being  adjusted,  the  next 
process  is  to  calculate  the  latitudes  and  longitudes  of  all  sta- 
tions from  one  point.  The  calculated  latitudes  and  longitudes 
tind  azimuths  which  are  designated  geodetic  latitudes,  etc.,  are 
not  to  be  confounded  with  the  observed  or  astronomical  lati- 
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tudes,  etc.,  for  these  last  are  subject  to  somewhat  large  errors. 
Besides  the  adjustment  of  the  angles  of  each  separate  triangle^ 
a  further  adjustment  of  the  angles  has  to  be  made  in  treating^ 
a  portion  of  this  triangulation  as  a  whole.  This  leads  to  the 
solution  of  a  number  of  equations  of  a  more  or  less  intricate 
nature. 

The  last  operation  in  connection  with  a  geodetic  survey  is 
the  report,  in  which  the  results  are  given,  and  the  deductions 
made  therefrom  by  the  geodesist. 


32.— FIRE  PKOTECTION   ON   THE    MINES. 

By  G.  H.  Thuhston. 

It  is  the  purpose  of  this  paper  to  deal  with  the  precautions 
mining  companies  on  the  Band  should  take  to  protect  them- 
selves from  loss  by  fire,  and  with  this  object  in  view  the  subject 
will  be  treated  under  three  headings — viz.,  Fire  Prevention, 
Fire  Appliances,  and  Organisation. 

FIHE  rilEVENTIOX. 

It  is  doubtful  if  the  present  general  design  of  surface  plants 
on  mines  could  be  modified  to  any  extent,  and  the  buildings 
separated  sufficiently  to  avoid  the  spread  of  fire  without  sacrific- 
ing economy  of  operation  or  increasing  constructional  costs. 
The  particular  method  of  grouping  the  buildings  and  the  mate- 
rials of  which  they  are  constructed  are  determined  by  considera- 
tions of  cost  rather  than  by  the  danger  of  their  destruction  from 
fire,  and,  as  a  consequence,  almost  the  whole  of  our  existing 

Elants  have  been  constructed  throughout  with  timber,  which 
as  received  no  preparation  of  any  kind  to  protect  it  from  fire. 

The  use  of  steel  construction  wherever  possible  would  con- 
siderably reduce  the  risk  of  loss  from  this  cause.  Its  adoption 
no  doubt  depends  somewhat  on  first  cost,  but  when  durability, 
reduction  in  risk  of  fire,  and  consequent  stoppage  of  the  work, 
are  taken  into  consideration,  the  advantage  of  a  saving  in 
first  cost  becomes  less.  This  is  especially  applicable  to  heavy 
structures,  where  the  cost  of  steel  construction  enters  into  close 
competition  with  that  of  wood.  There  are  structures  on  a  mine, 
however,  which  do  not  permit  of  steel  construction  throughout. 
In  these  the  floors  and  other  portions  are  built  of  wood,  which, 
in  case  of  fire,  would  be  completely  destroyed,  and  no  doubt  do 
considerable  damage  to  the  rest  of  the  building 

Numerous  preservatives  and  fire-proof  paints  have  been  in- 
troduced of  late  years  for  the  purpose  of  making  wood  fireproof, 
many  of  which  when  tested  failed  to  establish  the  merits  which 
their  inventors  claimed.  There  are,  however,  methods,  princi- 
pally chemical,  by  which  timber  maj'  be  rendered  less  inflam- 
mable. Zinc  chloride,  for  instance,  has  a  great  affinity  for 
water,  and  has  a  tendency  to  keep  wood  damp  in  the  driest  cli- 
mate. Experiments  have  demonstrated  that  timber  containing 
sufficient  of  the  chloride  for  its  preservation  cannot  be  ignited 
until  exposed  for  a  long  period  to  a  high  temperature.  The 
Terrell*  system  of  preserving  timber  and  rendering  it  fireproof 
is  one  in  which  sulphate  of  aluminium  is  the  principal  chemical 
substance.  Samples  of  wood  treated  bj'  this  process  resisted  the 
flame  of  a  Bunsen  burner  for  a  period  of  eiurht  hours. 

Many  fires  would  have  been  prevented  bv  the  exercise  of 
more  care  on  the  part  of  workmen,  who  cannot  be  too  frequently 
cautioned  in  this  matter.  Lighted  matches  and  tobacco  sparks 
have  often  been  the  cause  of  outbreaks  of  fire.     A  curious  case 


♦  The  inventor  of  this  process  is  Mr.  J.  M.  Ferrell  of  Philadelphia,  U.S.A. 
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of  fire  known  to  the  writer  was  caused  by  a  workman  usinpr  a 
rod  of  Lot  iron  for  the  purpose  of  enlarging  holes  in  Karri  tim- 
ber. The  man  left  work  at  the  usual  time  in  the  evening  with- 
out exercising  sufficient  care  to  see  that  no  fire  remained  in  any 
of  the  holes,  which  was  evidently  not  the  ease,  as  on  the  workmen 
entering  the  building  on  the  following  morning  they  were 
amazed  to  find  the  place  in  flames.  Fortunately  the  fire  had 
not  obtained  a  great  hold,  and  was  easily  extinguished. 

Electric  wires,  unless  properly  installed,  are  a  source  of 
danger,  not  only  on  account  of  the  liability  of  fire  from  short 
circuits,  but,  in  the  case  of  high  tension  current,  there  is  also 
danger  to  the  fireman  from  electric  shock.  High  tension 
circuits  should  be  led  from  the  generating  plant  direct  to  a 
transformer  station,  from  which  the  low  tension  current  can  be 
conveniently  distributed.  This  station  should  be  built  of  brick 
and  placed  in  a  suitable  spot,  and  at  a  distance  from  other 
structures. 

The  spontaneous  ignition  of  waste  saturated  with  oil  has 
been  the  cause  of  many  fires.  Of  the  oils,  linseed  is  the  worst 
offender,  cotton-seed,  lard,  sperm,  and  neatsfoot  oils  are  also 
dangerous,  while  mineral  oils  having  a  flash-point  below  300 
deg.  Fahr.  should  be  discarded.  All  oily  waste  should  be  re- 
moved every  day  and  consumed  in  a  boiler  furnace  or  other 
suitable  place.  Sawdust  impregnated  with  oil  is  just  as  liable 
to  ignite  as  waste,  and  is  deserving  of  the  same  precaution. 

IJeguhxr  oiling  of  machinery  is  a  very  necessary  precau- 
tion against  fire.  If  bearings  get  hot  through  the  friction  of 
the  parts,  due  to  lack  of  oil,  there  is  danger  of  the  wood-work 
in  their  near  neighbourhood  becoming  ignited. 

The  following  information,  taken  from  Mr.  C.  H.  J.  Wood- 
bury's work  on  **  The  Fire  Protection  of  Mills,''  will  constitute 
a  fitting  conclusion  to  this  part  of  the  subject,  and  show  the 
diverse  causes  to  which  mill  fires  are  attributable,  and  empha- 
sises the  need  for  constant  care.  Out  of  a  list  of  575  fires,  178 
owed  their  orisrin  to  sparks,  1'36  to  friction,  121  to  spontaneous 
combustion,  49  to  lighting  apparatus,  40  to  matches,  10  to 
lightning,  the  remaining  41  to  various  causes,  amongst  which 
were  17  known  or  suspected  cases  of  incendiarism. 

•       rillK   APPLIANCES. 

Owing  to  the  variety  of  fire  appliances  offered  for  sale,  con- 
siderable judgment  is  required  in  selecting  a  suitable  equip- 
ment. Some  mining  companies  have  already  expended  con- 
siderable sums  in  order  that  means  may  be  at  hand  to  suppress 
any  outbreak  of  fire.  This  is  a  step  in  the  right  direction,  but 
had  such  expenditure  been  made  under  the  advice  of  an  expert 
fire  authoritv  there  is  little  doubt  that  their  properties  would 
have  been  better  protected.  Want  of  uniformity  in  fittings, 
faulty  arrangement  of  pipes  and  hydrants,  poor  quality  of  hoso^ 
jind  obsolete  pumping  machinery  were  to  be  found  in  many 
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services.  The  writer  has  known  both  screw  and  bayonet  coup- 
lings to  be  installed  in  the  same  service,  hydrants  located  on 
the  inside  of  buildings,  the  fire  pump  made  to  do  duty  as  a 
boiler  feed,  and  the  fire  hose  and  fittings  in  great  demand  for 
washing  out  boilers  and  for  similar  purposes.  For  this  they  are 
no  doubt  convenient,  but  the  hose  as  a  tire  appliance  is  certainly 
not  thereby  enhanced  in  value. 

Before  installing  a  fire  service  the  supply  of  water  is  the 
first  consideration.  Fortunately  almost  every  mining  company 
has  a  supply  of  water  on  hand  for  milling  purposes,  which  can 
be  used  in  case  of  fire.  To  insure  that  it  shall  be  available  for 
this  purpose,  a  pipe  connection  should  be  made  between  the 
mill  reservoir  and  the  fire  pump.  This  connection  should  have 
ample  area,  and  contain  as  few  fittings  as  possible.  The  num- 
ber of  valves  especially  should  be  reduced  to  a  minimum  with 
a  view  to  avoiding  delay  in  the  event  of  any  of  their  number 
being  closed  when  a  fire  occurs.  Amongst  these  fittings  there 
should  be  a  large  strainer  for  the  purpose  of  preventing  chips 
or  other  obstructicms  entering  the  pump.  In  the  case  of  the 
reservoir  being  at  an  elevaticm  above  that  of  the  mains,  a  bye- 
pass  fitted  with  a  non-return  valve  should  be  installed  between 
the  suction  and  delivery  pipes.  A  supply  of  water  at  a  low 
pressure  could  thus  be  obtained  in  case  of  emergency.  A  reli- 
able relief  valve  should  also  be  fitted  on  the  delivery  side  of 
the  pump,  in  order  to  guard  against  accident  in  the  event  of 
the  pump  starting  before  the  hydrants  are  open. 

The  pump,  which  should  be  of  a  reliable  make  and  speci- 
ally designed  for  fire  purposes,  should  be  placed  in  such  a 
position  that  the  water  will  flow  into  it,  to  secure  its  immediate 
operation  when  wanted.  A  good  type  of  pump  to  select  is  one 
known  as  **  The  Underwriter  Fire  Pump.*'  This  pump  is  of 
the  horizontal  duplex  pattern,  and  specially  designed  to  the 
specifications  of  the  fire  insurance  companies.  It  has  large 
water  passages  and  valve  areas,  and  a  special  feature  in  the 
pump  is  that  it  is  rust  proof  and  will  start  instantly  after  stand- 
ing unused  for  a  long  period.  In  some  existing  fire  services  it 
is  the  practice  to  make  use  of  the  boiler  feed  pumps,  or  a  pump 
whose  (4iief  recommendation  is  its  cheapness;  in  other  cases  a 
pump  rescued  from  the  scrap  pile  is  made  to  do  duty,  and  at 
the  same  time  satisfy  the  insurance  company.  These  pumps 
are  fiecjuently  placed  in  the  engine  or  boiler  room  of  the  main 
power  plant,  which  is  a  practice  to  be  avoided,  as  should  a  fire 
occur  in  these  buildings  the  pumps  would  be  rendered  useless. 
The  fire  pump  should  be  housed  in  a  special  building,  con- 
8tructe:l  throughout  of  steel  and  iron,  and  situated  at  such  a 
distance*  from  other  buildings  that  it  would  be  isolated  should 
a  fire  occur.  A  good  situation  would  be  at  a  distance  of  about 
200  feet  from  one  of  the  boiler  plants,  in  which  case  steam  may 
be  carried  to  the  pump  through  properly  covered  piping,  thus 
facilitating  the  starting  of  the  pump.     In  addition  to  this  con- 
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iiection  with  the  boiler  plant,  a  quick  steam-raising  fire-engine 
boiler  should  be  installed  in  the  fire  pump  building,  which 
would  be  available  in  case  of  fire  in  the  boiler  room. 

The  delivery  service,  which  comprises  the  piping  connect- 
ing the  various  hydrants  with  the  fire  pump,  should  receive  con- 
siderable attention.  The  main  shouhl  be  of  such  area  that  the 
velocity  of  the  water  will  not  exceed  9  feet  per  second  under 
normal  conditions.  In  an  emergency  this  speed  may  be  in- 
creased 30  per  cent.  In  any  case  the  mains  leading  to  the 
hydrants  should  not  be  less  than  four  inches  in  diameter,  as 
water  on  mines  usually  carries  lime  and  other  impurities  in 
suspension,  which  in  time  are  deposited  in  sufficient  quantity 
to  seriously  reduce  the  area  of  the  pipe.  Mains  should  be  kept 
clear  of  buildings  as  far  as  possible.  In  the  case  of  hydrants  a 
distance  of  40  feet  should  be  observed,  and  these  should  be 
covered  with  straw  enclosed  in  a  canvas  cover.  If  not  pro- 
tected in  this  manner  there  is  a  danger  of  the  water  left  in  the 
stand-pipe  freezing  in  winter,  thus  rendering  the  hydrant  use- 
less. The  writer  has  known  as  many  as  five  valves  burst  in 
one  night  in  this  country  owing  to  severe  frost.  Compounds, 
carpenters'  shops,  smelting  houses,  and  other  places  which  are 
most  subject  to  fire  should  have  hydrants  placed  in  the  most 
convenient  position.  These  particular  hvdrants  must  have  the 
hose  coupled  and  alwaj's  ready  for  immediate  action. 

In  selecting  fire-hose  the  purchaser  will  find  several  quali- 
ties of  both  canvas  and  rubber-lined  hose  in  the  market,  the 
latter,  however,  being  only  used  on  rare  occasions.  Leather 
hose  for  fire  purposes  is  out  of  date.  A  first-class  canvas  hose 
that  will  fill  all  requirements  should  be  hand  woven,  free  from 
irregularities  in  weaving,  and  capable  of  standing  200  lbs.  per 
square  inch  pressure.  It  should  also  be  able  to  stand  the  shock 
due  to  be  being  dropped  from  a  height  of  five  feet  when  under 
a  pressure  of  100  lbs.  per  square  inch.  All  liose  must  be  tested 
to  25  per  cent,  above  full  working  pressure  every  six  months  to 
insure  it  being  in  first-class  condition  when  wanted.  After 
having  been  used,  hose  should  be  washed,  carefully  drained,  and 
dried  on  a  suitable  rack  provided  for  this  purpose,  then  stored 
in  the  hose  cart,  placed  in  the  fire  station  in  a  convenient  posi- 
tion, which  is  dry,  and  where  there  is  a  good  circulation  of  air. 
The  hose  attached  to  the  hydrants  for  emergency  use  should  be 
hung  on  a  peg  in  a  hose  box  placed  above  the  hydrant,  and 
coiled  in  such  a  manner  that  by  taking  hold  of  the  branch  and 
walking  away  from  the  box  the  hose  will  not  become  kinked. 

Of  the  many  different  connections  on  the  market  there  are 
but  two  distinct  types,  viz.,  the  instantaneous  and  the  screw. 
The  former,  when  used  with  a  reasonable  amount  of  care,  is 
very  effective.  The  modern  spring  coupling  is  a  great  im- 
provement on  the  old  form  of  bayonet  coupling,  and  is  every 
bit  as  reliable  as  the  screw  coupling,  and  has  the  advantage  of 
being  much  quicker  in  operation. 
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Branches  are  usually  made  of  copper,  and  are  from  20  in. 
to  30  in.  long.  A  length  of  about  24  in.  is  found  very  con- 
venient for  general  inside  and  outside  work. 

The  size  and  shape  of  the  nozzle  are  details  to  which  special 
attention  should  be  given.  Careful  experiments  made  in  the 
United  States  by  Mr.  John  li.  Freeman  to  determine  the  most 
-efficient  form  of  nozzle  demonstrated  that  the  co-efficient  of  dis- 
-charge  of  nozzles  of  the  same  general  form  when  tested  under 
similar  conditions  gave  results  which  were  identical  within  the 
practical  limits  of  measurement.  The  difference  between  the 
-cone  nozzle  and  the  ring  nozzle  is  more  apparent.  In  the  test 
mentioned,  the  co-efficient  for  the  cone  was  -988,  and  for  the 
ring  -736.  Another  form  of  nozzle  claimed  by  some  to  be  spe- 
•cially  adapted  for  fighting  fire  inside  a  building  is  known  as  the 
**  Ball  Nozzle."  This  peculiar  device  consists  of  a  bell-shaped 
or  flaring-mouth  nozzle,  with  a  ball  placed  loosely  in  the  mouth. 
Upon  water  issuing  the  ball  steadfastly  adheres  to  the  nozzle 
and  divides  the  stream  into  a  fan-shaped  spraj'.  The  position 
•of  the  nozzle  makes  no  difference.  If  turned  towards  the  ground 
the  result  will  be  found  to  be  the  same.  Variations  of  pressure, 
amounting  from  a  pound  to  hundreds  of  pounds,  will  fail  to 
dislodge  the  ball,  and  it  is  only  when  the  water  is  turned  off  that 
it  follows  the  law  of  gravity  and  falls  to  the  ground.  This 
nozzle  when  used  inside  a  burning  building  sufrounds  the  fire- 
man with  a  sheet  of  water,  driving  the  smoke  before  him,  and 
at  the  same  time  extinguishing  the  flame. 

The  size  of  the  nozzle  depends  on  the  conditions  under 
which  it  is  used.  A  one-inch  nozzle  will  give  the  best  results 
when  the  fire  is  confined  within  narrow  limits  and  only  one  hose 
is  at  work,  but  when  the  fire  has  spread  and  three  or  four 
streams  are  necessary,  three-quarter  inch  nozzles  may  be  the 
best  to  use.  Should  the  fire,  on  the  other  hand,  occur  in  a  high 
building  or  headgear,  it  is  possible  that  half  inch  nozzles 
will  be  required.  To  provide  against  any  continsrency  that  may 
arise,  three  or  four  nozzles  of  various  sizes  should  be  carried  in 
the  hose  cart.  All  nozzles  should  be  made,  with  a  hexagon  boss 
for  the  purpose  of  unscrewing  them  from  the  branch  by  means 
of  a  wrench.  All  hose  and  fittings  with  the  exception  of  those 
attached  to  the  hydrants  should  be  stored  in  a  central  position, 
and  in  addition  to  those  already  mentioned  should  comprise  the 
iollowing :  — 

One  fireman's  respirator. 

One  ladder  cart,  containing  four  ladders  of  a  length  to  suit 
the  buildings  on  the  mine. 

Two  hose  carts,  marked  No.  1  and  No.  2,  each  containing : 
500  feet  hose,  in  50  ft.  lengths. 

3  branches,  each  fitted  with  one-inch  nozzles. 

4  nozzles,  Ij^in.,  J  in.,  fin.,  and  |  in. 

1  branch,  fitted  with  a  smoke-driving  nozzle. 

2  wrecking  axes. 
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2  saws. 

1  crowbar. 

2  canvas  buckets. 
2  50  ft.  lines. 

2  30  ft.  lines. 

2  20  ft.  lines. 

2  10  ft.  lines. 

2  pairs  rubber  gloves. 

2  pairs  rubber  boots. 

2  torches. 

2  lamps. 

2  monkey  wrenches. 
The  hose  cart  shouhl  be  a  light,  substantial  vehicle,  the 
body  consisting  of  a  box  with  three  compartments,  one  for  hose^ 
one  for  the  larger  appliances,  and  one  for  the  smaller.  This 
type  of  hose  cart  is  superior  to  hose  reels,  and  more  suitable  for 
mine  work. 

In  addition  to  the  above,  chemical  fire  extinguishers 
should  be  distributed  through  the  various  buildings,  as  they 
are  of  value  for  suppressing  a  fire  during  the  early  stages. 

Of  late  years  the  automatic  sprinkler  has  met  with  con- 
siderable support  from  the  fire  insurance  companies.  This 
device,  if  properly  installed  and  tested  regularly,  is  an  excellent 
safeguard  against  fire.  One  of  the  best  iteatures  of  the  system 
is  tlie  automatic  fire  alarm,  which  calls  attention  to  a  fire  hav- 
ing started. 

The  writer  ccmsiders  tluit  tlie  alarm  call  is  the  most  im- 
portant detail  in  connection  with  the  fire  service,  for  naturally 
fires  are  easier  to  extinguish  before  they  have  attained  any  mag- 
nitude than  afterwards.  No  matter  how  well  a  brigade  is 
organised,  or  how  good  the  appliances  are,  mucli  depends  upon 
the  celerity  of  the  alarm,  on  which  hinges  the  time  of  the 
arrival  of  the  brigade. 

A  mine  fire  alarm  system  should  consist  of  alarm  boxes 
containing  a  bell  push.  These  boxes  should  be  situated  in  close 
proximity  to  the  various  buildings.  They  should  be  made  con- 
spicuous in  the  day  by  the  words  '*  Fire  Alarm  "  being  plainly 
Eainted  cm  the  box,  at  night  their  position  should  be  indicated 
y  a  red  light.  From  each  of  the  boxes  a  separate  wire  should 
communicate  with  a  bell  in  the  engine  or  boiler  rocmi  where  the 
whistle  or  hooter  is  installed,  and  they  should  also  be  connected 
by  means  of  independent  wires  with  an  annunciator  placed  in 
the  fire  station.  Tpcm  hearing  the  alarm  bell  ring  the  attend- 
ant will  blow  the  whistle  until  he  receives  a  signal  from  the  fire 
station  notifying  him  that  the  brigade  is  out.  For  this  pur- 
pose a  bell  pusli  should  be  fixed  in  the  station  and  connected  to 
a  bell  close  to  the  whistle. 

In  the  case  of  mines  which  have  a  private  telephone  service, 
this  could  be  made  with  a  small  outlay  to  serve  also  as  a  fire- 
alarm. 
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ORGANISATION. 

The  organisation  and  training  of  a  mine  fire  brigade  are 
matters  requiring  considerable  thought  and  tact.  It  is^out  of 
the  question  for  mining  companies  to  retain  the  services  of  a 
large  staff  of  permanent  firemen,  therefore  it  is  incumbent  on 
them  to  form  a  volunteer  brigade  among  their  employees,  to 
whom  sufficient  inducement  should  be  offered  to  encourage  them 
to  attain  such  proficiency  in  the  use  of  fire  appliances  that  any 
outbreak  of  fire  on  the  mine  may  be  overcome.  It  is  evidently 
the  duty  of  the  general  manager  of  the  mine  to  initiate  an 
organisation  of  this  kind,  and  maintain  discipline,  lie  should 
also  receive  the  hearty  support  of  the  mine  staff,  and  to  make 
the  brigade  of  real  value  their  united  efforts  should  be  exerted 
to  infuse  esprit  tlr  corps  amongst  the  members. 

The  work  in  connection  with  fire  fighting  should  be  taken 
seriously.  The  members  of  the  brigade  should  be  drilled  regu- 
larly, and  above  all  it  must  be  understood  by  all  employees  that 
they  are  under  as  much  obligation  to  respond  promptly  to  an 
alarm  of  fire  as  thev  are  to  attend  to  the  duties  for  which  they 
are  engaged. 

To  accomplish  the  best  results  it  will  be  necessary  to  em- 
ploy at  least  one  permanent  fireman,  who  should  rank  in  the 
brigade  as  an  inspector.  This  man  would  take  the  place  of  the 
watchman  whom  most  ccmipanies  employ  at  present. 

On  large  miners,  or  a  group  of  mines,  it  may  be  necessarv  to 
employ  more  than  one  man  for  this  purpose,  in  which  case  they 
shouhl  rank  as  cliicf  inspector,  first  assistant,  second  assistant, 
etc.  The  work  of  the  inspector,  in  addition  to  his  duties  a» 
watchman,  would  be  to  test  the  fire  alarm  daily  and  inspect  the 
various  appliances  to  see  that  they  are  not  used  by  unauthorised 
persons:  also  to  report  daily  in  a  book  on  the  condition  of  the 
fire  service.  This  book  should  be  kept  in  the  office  of  the 
resident  engineer,  who  should  be  made  responsible  for  the  up- 
keep of  the  service. 

The  officials  of  the  brigade  should  consist  of  the  following 
members  of  the  mine  staff':  — 

Chief  of  Brigade  :    General  Manager. 
Assistant  Chief:   Kesident  Engineer. 
Lieutenants:    Compound  Manager, 

Chief  Electrician, 
Foreman  Fitter, 
Foreman  Carpenter. 

The  firemen  should  consist  of  men  drawn  from  the 
office  staff'  and  general  surface  employees,  and  the  number  will 
vary  from  fifteen  to  thirty,  according  to  the  size  of  the  mine. 

The  members  of  the  brigade  should  be  provided  with  a  ser- 
viceable plain  blue  uniform  and  black  helmet.  For  the  purpose 
of  distinguishing  the  officers  during  a  fire,  the  colour  of  their 
helmets  should  be  white. 
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In  order  that  the  men  may  become  proficient  in  their  duty 
a  fire  drill  must  take  place  once  a  week,  and  in  addition  the 
alarm  should  be  sounded  occasionally  during  the  night.  The 
men  should  receive  remuneration  for  all  drills  they  attend. 
The  drill  of  a  mine  brigade  will  differ  somewhat  from  that  of 
a  brigade  organised  for  the  purpose  of  suppressing  fires  in  a 
city.  One  reason  for  this  is  that  many  of  the  buildings  on  a 
mine  contain  machinery  which  is  in  constant  operation ;  this 
may,  in  case  of  fire,  become  a  source  of  danger  to  those  who 
are  not  conversant  with  it.  In  the  event  of  a  fire  occurring  in 
a  building,  machinery  in  motion  therein  should  be  at  once 
stopped,  and  the  electric  current  cut  off.  Wires  carrying  hiirh 
tension  current  are  especially  dangerous.  A  case  known  to  the 
writer  in  wliich  a  workman  narrowly  escaped  being  electrocuted 
was  as  follows: — A  fire  broke  out  in  a  transformer 
station  built  of  galvanized  iron,  the  high  tension 
wires  of  which  carried  a  current  of  3,'500  volts.  The 
outbreak  was  discovered  by  the  workman,  who  attached  the  fire 
hose  to  the  hydrant  in  order  to  play  water  on  the  fire.  For- 
tunately for  the  man,  the  liesident  Engineer  arrived  on  the 
scene  just  in  time  to  avert  a  catastrophe. 

The  exact  method  of  organisation  and  nature  of  the  drill 
on  each  mine  will  no  doubt  vary,  depending  somewhat  on  the 
arrangement  of  plant  and  the  status  of  the  various  members 
of  the  staff'.  As  a  general  method  of  procedure,  to  be  modified 
to  suit  local  conditions,  the  writer  would  suggest  the  following 
arrangement :  — 

On  hearing  the  alarm  bell  ring  the  engine-driver  on  shift  is 
to  blow  the  whistle  until  signalled  from  the  fire  station  to  stop; 
at  the  same  time  arrangements  are  to  be  made  to  start  the 
fire  pump.  On  hearing  the  whistle  the  following  members  of 
the  brigade  are  to  assemble  at  the  pump  station  in  order  to 
operate  the  pump : 

Lieutenant  (foreman  fitter). 

Two  firemen  (two  engine-drivers). 

At  the  same  time  a  lieutenant  and  one  fireman  (i.e.,  chief 
electrician  and  a  linesman),  should  proceed  to  the  transformer 
station  or  switch  board  in  order  to  shut  oft'  the  current  from  the 
burning  building.  Those  assembling  at  the  fire  station  should 
consist  of  (,'hief  of  Brigade,  Assistant  Chief,  two  lieutenants, 
and  the  remainder  of  the  firemen.  All  orders  must  be  given  by 
the  Chief  of  the  brigade,  and  in  his  absence  by  the  Assistant 
Chief.  Should  the  latter  also  be  absent,  the  foreman  carpenter 
is  no  doubt  the  most  competent  to  take  charge  of  affairs. 

Method  and  coolness  are  required  in  dealing  with  fires, 
and  such  qualities  can  only  be  acquired  through  training  and 
good  discipline. 

To  comply  with  the  conditions  advocated  in  this  article, 
extra  expenditure  will  be  incurred  by  mining  companies,  which 
expenditure  must  be  justified  either  by  a  reduction  in  the  insur- 
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ance  rates  or  increased  protection  against  losses  not  covered  by 
the  insurance.  As  an  example,  take  the  case  of  a  mine  with  a 
200-8tamp  plant.  The  company  will  pay  insurance  amounting 
to  about  £725  per  annum,  which  protects  them  from  loss  by 
fire,  but  not  from  loss  of  profit  due  to  stoppage  of  the  plant. 
This,  in  the  case  of  a  mill  being  destroyed,  would  amount  to 
considerably  more  than  the  erected  cost  of  this  particular  por- 
tion of  the  plant  which  cannot  be  insured  for  more  than  its 
value. 

The  cost  per  annum  of  maintaining  a  fire  department  based 
on  an  equipment  costing  £2,000  more  than  is  generally  ex- 
pended now  on  fire  services  and  on  a  brigade  consisting  of  five 
officers  and  25  men,  will  amount  to  £570  (this  amount  includes 
interest  and  depreciaticm  on  the  £2,000). 

It  is  evident  that  as  insurance  companies  are  willing  to  take 
risks  at  rates  varying  from  O.IG  per  cent,  to  O.'J  per  cent,  under 
existing  conditicnis,  these  rates  should  be  reduced  if  an  up-to- 
date  system  of  fire  protection  was  introduced,  and  moreover 
should  a  fire  occur,  the  chances  are  it  would  be  suppressed 
before  much  damage  had  resulted,  and  reduce  the  risks  of  loss 
from  stoppage. 

In  addition  to  these  two  advantages,  companies  might  also 
be  justified  in  reducing  the  total  amount  of  insurance,  for  with 
the  improved  service,  some  of  the  buildings,  e.g.,  general  offices, 
quarters,  and  many  structures  in  connection  with  cyanide 
plants,  may  either  be  insured  for  a  lower  figure  or  left  out 
altogether. 

In  conclusion,  the  writer  is  of  opinion  that  although  it 
would  be  necessary  to  pay  more  for  the  purpose  of  maintaining 
a  more  efficient  fire  service,  it  is  an  outlay  that  is  justified,  as 
the  companies  would  be  much  better  protected  against  losses 
not  generally  recoverable  by  insurance. 


33.— THE  rSE  OF  PKODICEU  (iAS-DBIVEN  ENGINES 

ON  MINING  PLANTS. 

By  a.  C.  Wiiittome. 

In  the  following  paper  the  author  does  not  propose  to  con- 
sider the  merits  and  deficiencies  of  any  of  the  many  tj'pes  of 
gas-producers  and  gas-engines  on  the  market.  His  purpose  is  to 
discuss  the  broad  principle  as  to  whether  the  gas-engine,  driven 
by  producer  gas,  is  suitable  for  extensive  use  on  the  Witwaters- 
rand  gold  mines. 

In  discussing  the  question,  it  is  therefore  not  essential  to 
complicate  the  main  point  at  issue  by  the  introduction  of  details, 
which  are  moic  or  less  familiar  to  all  of  us,  and  the  historical 
side  will  only  be  lightly  touched  upon,  in  order  to  show  how  far 
the  modern  development  of  tlic  gas  motor  has  tended  to  make 
it  such  a  formidabh*  prospective  competitor  of  the  steam-engine- 
on  tliese  fiehls. 

The  following  table  sliows  roughly  the  progress  of  the  gas- 
engine  from  earliest  times  up  to  tlie  introducticm  of  the  Mond 
pioducer :  — 

A.D. 

1.  First  Gunpowder  Engine,  bv  Hautcfeuille  1678" 

2.  First  Gas  Motor,  built  bv  Baiber 1791 

»'{.  First  Gas  Engine,  by  Street 1794 

4.  Flame  Ignition,  first  proposed  by  Street 1794 

5.  Electric  Ignition,  first  proposed  by  Lebon 179l> 

G.  First  to  propose  compressing  the  charge — Barnett  ...      1838 

7.  First   practical   Gas-Producer,   proposed  by   Thomas 

and  Laurent 1841 

8.  Tube  Ignition,  first  used  by  Drake    1843 

9.  First  mechanically  successful  Gas-Engine,  built  bv 

Lenoir ". .\     1860 

10.  First  Proposer  of  Four-cycle  Engine,  Beau  de  Bochas     1862 

11.  First  commerciaTly  successful  Gas-Engine,  built  by 

Otto  and  Langen 1867 

12.  Otto  Four-cycle  Engine  patented 1876 

13.  Dowson  Producer  first  built 1878 

14.  Scavenger  Process  first  used  by  Beck 1887 

15.  Mond  Producer  intioduced 1894 

This  table  does  not  show  the  wondeiful  improvements  made 
by  different  manufacturers  from  time  to  time.  It  only  indicates 
when  various  devices  or  principles  were  first  adopted,  though, 
in  nuuiy  cases,  they  were  dropped,  to  be  again  taken  up  at  a 
later  date. 

Bryan  Donkin,  in  his  excellent  work  on  **Gas,  Oil,  and  Air 
Engines''  (to  which  the  author  is  indebted  for  many  details), 
claims  that  the  origin  of  all  internal  combustion  engines  should 
be  traced  back  to  the  builder  of  the  first  cannon,  tnquestion- 
ably  in  the  first  internal  combustion  motors  constructed — apart 
from  cannon — the  combustion  or  explosion  of  gunpowder  wa» 
utilised  to  create  a  vacuum,  so  tliat  by  means  of  atmospheric 
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pressure  a  piston  was  forced  downwards  in  a  cylinder,  or  water 
was  raised  in  an  early  type  of  piilsometer. 

It  is  equally  certain  that  none  of  these  early  attempts  at 
internal  combustion  engines — between  the  years  1678  and  1710 
— were  commercially  successful.  It  is  worthy  of  notice,  how- 
-ever,  that  amongst  the  first  attempts  to  construct  motors  having 
-cylinders  and  pistons  were  these  gunpowder  engines. 

It  will  be  seen  that  no  man  can  claim  to  have  originated 
the  Gas-Engine.  After  the  first  crude  attempts  in  the  end  of 
the  seventeenth  century,  about  100  years  elapsed  before  any 
progress  was  made,  when  Barber  in  1791  constructed  the  first 
-Gas-Motor,  a  type  of  gas-turbine.  From  this  period  onwards, 
experiments  have  been  almost  continuously  recorded.  The 
first  mechanically  successful  gas-engine  was  built  to  Lenoir's 
<lesigns  in  1860,  but  the  consumption  of  gas  was  as  high  as  106 
-cubic  feet  per  brake-horse-power  hour,  giving  a  thermal 
•efficiency  of  from  3.5  to  4  per  cent. 

The  real  commercial  history  of  tlie  gas-engine  dates  from 
1867,  when  the  Otto  and  Langen  Atmospheric  Gas-Engine  was 
first  put  on  the  market.  This  type,  though  successful,  had  not 
a  very  long  life,  and  in  the  year  1876  Otto  took  out  his  patent 
for  the  Otto  Four-cycle  Engine,  and  for  the  next  fourteen  years 
<the  duration  of  the  patent)  this  engine  was  practically  the 
onlv  one  in  use. 

There  were  others  built,  but  none  of  them  were  verv  serious 
-competitors.  From  the  year  1877  to  1897,  no  less  than  6^,000 
Otto  Engines  were  built  in  the  various  manufacturing  coun- 
tries of  the  world.  There  are  no  figures  upon  record  to  show 
what  were  the  total  numbers  of  engines  of  other  types  built, 
but  the  above  should  be  sufficient  to  show  the  enormous  deve- 
lopment of  the  gas-engine. 

About  the  time  that  the  Otto  Four-cycle  Engine  was 
•designed,  the  Dowson  Gas-Producer  was  also  put  on  the  market, 
and  the  advance  of  producer  and  gas-engine  may  almost  be 
said  to  have  been  step  by  step.  The  Dowson  Producer  made  it 
feasible  to  use  gas-engines  of  larger  units  than  were  possible 
when  using  lighting  gas,  owing  to  the  much  hisrher  cost  of  the 
latter  fuel  per  horse-power  hour.  The  Dowson  type  of  generator 
■can  only  utilise  either  coke  or  anthracite  coal  as  fuel,  so  that 
its  use  is  restricted  to  those  localities  in  which  these  are  pro- 
"curable  at  a  sufficiently^  low  rate. 

In  189-3  Dr.  Mond  successfully  started  the  first  producer 
plant  which  bears  his  name.  The  Mond  Producer,  using  bitu- 
minous slack  as  fuel,  opened  up  a  fresh  sphere  for  gas-engines. 
Apart  from  the  fact  that  it  uses  bituminous  coal — practically 
the  onlv  fuel  obtainable  here — it  is  far  more  efficient  than  the 
Dowson  type  of  producer. 

The  best  recorded  heat  efficiencv  of  the  latter  type  is  67 
per  cent.,  whilst  efficiencies  of  over  80  per  cent,  are  regularly 
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obtained  with  Mond  generators,  i.e.,  80  per  cent,  of  the  heat 
value  of  the  fuel  used  is  retained  in  the  gas  produced.  Com- 
mon bituminous  slack  will  produce  from  150,000  to  160,000 
cubic  feet  of  gas  per  ton  of  fuel,  whilst  about  2i  tons  of  steam 
per  ton  of  coal  are  needed  in  the  process. 

Types  of  gas  producers  somewhat  on  the  same  principle  as 
the  Mond  are  continuously  being  patented  and  dev^oped.  We 
may  reckon  that  there  will  soon  be  as  many  designs  offered  for 
sale  as  there  are  types  or  designs  of  steam-boilers  at  the 
present  time.  This  will  all  tend  towards  advancement,  as,  with 
so  many  experimenters  at  work,  knowledge  will  be  rapidly 
gained. 

In  considering  gas-engines,  one  must  lift  one's  self  out  of 
the  grooves  so  deeply  scored  in  engineering  work  by  every-day 
steam-engine  practice.  Indeed,  to  grasp  to  the  full  extent  the 
new  conditions  raised  by  gas-engines,  it  is  necessary  to  put  on 
one  side  nearly  all  that  one  has  learnt  regarding  steam-engines, 
and  make  a  fresh  start. 

The  ordinary  practice  in  steam  engineering  is  to  allow  an 
ample  margin  of  power  above  what  is  needed,  when  an  engine  is 
first  installed.  The  author  knows  of  one  case  where  a  steam- 
engine  is  installed  to  do  the  following  work:  — 

Minimum  load 350  I.H.P. 

Normal  load 500  I.H.P. 

Maximum  load TOO  I.H.P. 

The  engine  is  installed  for  an  eventual  700  I.H.P.     Its 

present  load  varies  from  a  maximum  of  about  500  I.L.P.  to  a 

minimum  of  350  I.H.P.    The  steam  consumption  at  the  various 

loads  cannot  be  accurately  given,  but  an  ordinary  guarantee  for 

such  an  engine,  running  under  ordinary  Rand  conditions,  would 

be :  — 

Lbs.  of  Steam 
LOAD.  per  LH.P.  Hour. 

350  I.H.P.  (half  load) 20 

500  I.H.P.  (five-sevenths  load)    17.5 

TOO  LH.P.  (maximum  load) 16 

or  an  increase  of  25  per  cent,  between  full  load  and  half  load. 

On  a  gas-engine  there  would  most  probably  be  an  increase 

of  TO  to  100  per  cent,  in  the  fuel  consumption  at  half -load  over 

full-load.     To  obtain  the  best  working  conditions  for  a  gas- 

engino,  it  must  be  run  steadily  at  as  near  the  maximum  load  as 

possible,  and  at  one  constant  speed.     It  cannot  be  reversed  in 

the  ready  manner  possible  with  a  steam  engine,  and  it  is  com- 

parativeiv  less  easy  to  start  up.     Finally,  it  cannot  be  started 

against    full-load    in    the    manner    necessary    with    a   hoist iiiK 

engine.        Therefore   the   work   to   which   gas-engines   can   be 

directly  applied  is  in  some  respects  restricted. 

Taking   the   ordinary   work   of   the    Rand,   the    following? 

schedule  will  show  the  types  of  work  to  which  gas-engines  can 

be  applied,  and  those  for  which  they  are  not  suited  :  — 
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drives  suited  for  gas-engines. 

Batteries 
Tailings  Wheels 
Pumps 
Locomotives 
Mechanical  Haulages 
Machine  Tools 
Electric  Generators 
Slimes  Plants. 

DRIVES  PARTIALLY  SUITED  FOR   GAS-ENGINES. 

Air  Compressors 
Rock  Crushers. 

DRIVE    NOT    SUITED    FOR    GAS-ENGINES. 

Hauling  Engines. 

Under  favourable  conditions  the  working  cost  of  a  gas- 
driven  plant  would  be  far  lower  than  that  of  a  steam-driven 
one.  To  start  with,  the  gas  engine  has  a  heat  efficiency  for 
higher  than  that  of  a  steam-engine,  and  the  heat  is  cheaper, 
i.e.,  lower  priced  fuel  can  be  used.  Instead  of  centralising  all 
the  engines  in  one  engine-house,  and  transmitting  power  elec- 
trically to  distant  spots,  gas-engines  can  be  installed  where  best 
suited  for  their  work,  and  the  gas  distributed  to  them  from  one 
central  producer  plant.  In  this  manner,  instead  of  requiring 
several  large  units  as  working  engines  and  spares,  a  number  of 
smaller  ones  can  be  installed,  with  a  resultingly  smaller  total 
horse-power  installation. 

That  the  combined  efficiency  of  a  gas-engine  installation  on 
a  mining  proposition  would  be  much  greater  than  with  a  steam- 
driven  installation  can  be  seen  from  the  following :  — 

Per  cent. 

1.  Heat  efficiency  of  gas-engines  and  producers,  say, 

average  of 18 

2.  Losses  in  Gas  Mains,  say 3 

3.  Heat  efficiency  of  steam-engines   and   boilers,   say, 

average  of  not  more  than 10 

4.  Mechanical  efficiency  of  generators,  say 95 

5.  Efficiency  of  cables  and  lines,  say 98 

6.  Efficiency  of  transformers,  say 95 

7.  Mechanical  efficiency  of  motors,  say 92 

8.  Efficiency  of  shafting,  say 85 

Efficiency  in  each  case  means  the  percentage  of  the  power 
put  into  the  plant,  which  is  delivered  to  the  belt,  coupling,  or 
terminals,  so  that  when  gas-engines  are  placed  fairly  close  to 
the  generator  plant,  the  total  heat  efficiency  would  be  not  less 
than  18  per  cent,  at  normal  working  load,  whilst  there  would  be 
losses  due  to  pipe  friction,  etc.,  amounting  to  an  average  of  3 
per  cent,  on  engines  placed  long  distances  from  the  producers. 
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giving  a  net  heat  efficiency  of,  8aj%  17.4  per  cent,  on  these 
engines. 

For  the  purposes  of  this  paper,  we  can  average  the  heat 
efficiency  of  all  the  gas-engines,  on  a  mine  completelj-  equipped 
with  them,  at  17.5  per  cent.  The  combined  efficiency  of  pro- 
ducers, gas-engines,  electric  generators,  transformers,  transmis- 
sion lines  and  motors,  would  be  14.25  per  cent. 

The  net  heat  efficiency  of  drives  consisting  of  steam- 
engines,  boilers,  and  shafting,  would  average  8.50  per  cent. 
For  steam-engines,  boilers,  electric  generators,  transformers, 
transmission  lines  and  motors,  it  would  average,  say,  8.15  per 
cent. 

If  we  now  reduce  our  efficiencies  to  a  coal  consumption 
basis,  we  can  establish  a  medium  for  comparing  the  actual  cost 
of  delivering  power  to  the  various  belts  or  couplings  driven  by 
the  dift'erent  types  of  plant.  Various  authorities  give  the  mecha- 
nical value  of  a  B.T.I7.  at  from  772  to  778  foot  lbs. — the  author 
takes  Joule's  equivalent  of  772  foot  lbs.    If  we  reckon  that  our 

local  coal  has  a  thermal  value  of  9,000  B.T.U.  per  lb.,  then  :  — 

Lbs.  of  Coal 
l>er  Hour. 

A  heat  efficiency  of  100  per  cent,  would  mean  1  B.H.P. 

for... 285 

A  gas  set  efficiency-  of  17.5  per  cent,  means  1  B.II.P.  for  1.628 
A  gas  and  electric  set  efficiency  of  14.25  per  cent,  would 

mean  1  B.H.P.  for 2.000 

A  steam-engine  (and  boiler)  efficiencv  of  10  per  cent. 

would  mean  1  B.II.P.  for  ...  ../ 2.850 

A  steam-driven  shafting  set  efficiency  of  8.5  per  cent. 

would  mean  1  B.II.P.  for '^.'\b') 

A  steam-engine  and  electric  set  efficiency  of  8.15  per 

cent,  would  mean  1  B.H.P.  for  ... ^.500 

Nine  thousand  B.T.U.  per  lb.  of  coal  may  seem  low,  but  we 
have  tests  of  local  coal  on  record  showing  under  8,000  B.T.T. 
per  lb.  These,  however,  were  probably  of  samples  under  the 
average. 

<XoTK. — The  shafting  efficiency  is  for  the  average  of  the  ordi- 
nary drives  used  on  the  mines,  such  as  mill  line  shafts, 

machine  shop  shafting,  etc.) 
If   a    mine   were    equipped    with    a  gas-driven    plant,  tlie 
arrangement  would  be  somewhat  as  follows:  — 

The  mill  line  shaft  would  be  dispensed  with,  and  25  B.II.P. 
gas-engines  would  be  installed  to  diive  individual  sets  of  ten 
stamps.  A  separate  engine  would  drive  the  tailings  wheel,  its 
power  being  from  15  to  -^O  IMI.P.,  according  to  the  amount  of 
pulp  to  be  lifted.  Distributed  throughout  the  mine  and  on  the 
surface  would  be  a  number  of  gas-engines  running  pumps — 
these  would  vary  from  10  B.H.P.  up  to  60  B.H.P.  At  each 
level,  or  possibly  at  alternate  levels,  would  be  installed  a  small 
gas-driven  air  compressor,  for  running  rock-drills  and  small 
air-winches  -  the  number  and  size  of  these  would  vary,  but   it 
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might  be  estimated  that  30  B.H.P.  would  be  required  for  each 
10  stamps,  and  the  sets  could  be  arranged  either  30  or  60 
IMl.P.  In  the  neighbourhood  of  the  crusher  station  would  be 
installed  engines  of  various  powers  to  run  crushers,  mechanical 
haulages,  conveyor  belts,  etc. — these  would  probably  range 
from  10  to  30  B.I  [.P.  At  all  the  chief  points  on  the  mine,  such 
as  battery,  crusher  station,  cyanide  plant,  head-gears,  and  per- 
haps on  one  or  two  levels  underground,  a  small  direct-con- 
nected electric  set  would  be  installed  to  supply  current  for 
lights.  The  machine  shops  would  have  one  or  more  engines, 
«ach  of  either  15  or  30  B.II.P.  Hauling  engines  will  be  referred 
to  later. 

To  summarise  the  power  requirements,  and  compare  gas- 
engines  with  steam-engines,  it  will  be  well  to  assume  the  case 
of  a  100-stamp  proposition.  The  whole  of  the  previously  stated 
efficiencies  include  transmission  losses,  and  treat  the  power  as 
the  actual  B.H.P.  delivered  to  the  various  machines,  so  that  we 
can  make  direct  comparisons  on  the  basis  of  the  B.TI.P.  The 
average  power  required,  exclusive  of  main  hauling  engines, 
would  be,  say  :--- 

B.H.P. 

Battery,  100  stamps  at  2.5  TI.P 250 

Tailings  Wheel 20 

Pumps,  including  all  types,  say 150 

Compressors,  at  3  H.P.  per  stamp 300 

Crushers,  Mechanical  Haulages,  and  Conveyor  Belts,  say       60 

Cyanide  Works,  exclusive  of  thumps,  say 20 

Tailings,  Haulage  or  Conveyor  Belts,  say 20 

Electric  Lights,  say 50 

Machine  Shop,  say > 30 

Total 900 


This  would  be  divided,  in  the  case  of  gas  sets,  as  follows ; 

B.H.P. 

Direct  Drives ^0 

Electric  Drives 50 

and  the  coal  consumption  per  hour  would  be  :    - 

Lbs.  per  If  our. 

Direct  Drives,  850  B.H.P.  at  1.628  lbs.  ...     1,383 

Electric  Drives,  50  B.H.P.  at  2.000  lbs.    ...        100 


Total    1,483 

The  Steam  sets  would  divide  up  to :  — 

B.H.P. 

Direct   Drives   through   shafting— Mill,   Tailings 

Wheel,  Compressors 570 

Electric  Drives — Pumps,      Crushers,      Haulages, 

Cyanide  Works,  Lights,  and  Machine  Shop     330 


DD 
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and  the  coal  consumption  per  hour  would  be:  — 

Lbs.  per  Hour. 
Direct  Drives,  570  B.II.P.  at  3.:i5:J  lbs.  ...     1,911 
Electric  Drives,  ;3:J0  B.H.P.  at  3.500  lbs.  ...     1,165 


Total 3,066 


So  thai,  durinp:  those  hours  when  the  whole  of  the  plant 
was  siniultaneously  in  operation,  there  would  be  a  saving  by  the 
gas  ])hnit  of  nearly  1,G0()  lbs.  of  coal  per  hour,  or,  averaginir  thift 
throufifli  the  24  liours  at  a  saving  of  1,000  lbs.  of  coal  per  nour» 
the  total  saving  per  day  would  be,  say,  12  tons  of  coal,  or  in  the, 
say,  320  working  days  of  the  year,  3,840  tons.     In  other  words, 
the  saving  per  ton  crushed  would  Ik»  about  50  lbs.  of  coal,  or,  if 
coal  be  taken  as  costing  lOs.  per  ton,  there  would  be  a  saving  of 
3d.  per  ton  cruslied,  if  the  gas  ph\nt  used  the  same  quality  coal 
as  the  steam  plant.    It  would,  however,  use  coal  at  least  28.  per 
ton  cheaper,  so  that  there  would  be  a  further  saving  of  about 
£2,000  per  annum,  or  a  further  3d.  per  ton  crushed. 

If  it  was  decided  to  instal  a  gas  phmt  on  a  mine  the  first 
demand  would  be  tliat  all  plant  must  be  driven  from  it.  It  is 
imi)()ssible  to  (touple  gas-engines  on  to  hoists,  so  one  of  two 
alternatives  would  have  to  be;  selected- either  the  hoists  must 
be  electrically  driven,  or  driven  by  compressed  air.  The  latter 
system  may  tivoui  absurd  at  first  sight,  but  it  has  one  gi*eat 
advantage-  a  large  n^serve  of  power  can  be  stored  in  cheap 
receivers,  and  the  air  being  compressed  in  the  same  engine-room 
as  the  hoist,  would  be  delivered  hot  to  the  pipe  line,  and  would 
need  very  little  n^-heating  to  make  it  fit  for  working  expansively 
in  the  engine  (cylinders. 

It  would  take  too  much  time  to  compare  the  relative  advan- 
tages of  the  two  systems,  but  (»ven  if  electric  hoists  were  in- 
stallcnl.  the  current  could  be  delivered  to  the  hoists  at  a  saving 
of  1.5  lbs.  of  coal  per  B.lf.P.  hour  if  gas-engines  were  installed 
instead  of  steam-engines  to  run  the  generators,  provided  the 
load  was  kept  fairly  constant.  This  latter  conditi(m  is  imnos- 
sible.  and  it  could  onlv  be  expected  that  the  cost  of  the  current 
would  be  a])i)roxi!nately  the  same  in  either  case. 

The  exhaust  gases  from  the  engines  workinor  below  the  sur- 
face would  need  to  be  led  to  the  ground  level  in  light  wooden 
shoots,  beinur  fiist  co(ded.  Xaturally  sniall  fans  or  blowers 
would  be  needed  to  urivi*  the  re(|uired  velocitv,  as  the  cooled 
gases  would  not  otherwise  travel  up  the  shoots  without  back 
pressure  beine  thrown  on  to  the  engines. 

The  maintenance  and  attendance  costs  for  the  engines 
wcuild  be  verv  low.  Once  a  eras  engine  is  set  running  the  only 
atf(Mition  rcduired  is  for  lubrication,  and,  say,  once  a  week,  a 
little  attention  to  the  valves  to  remove  any  carbonised  deposit. 
Practicallv  n()  more  care  is  needed  than  with  electric  motors, 
and  certainly  no  more  skilled  attendance.     A  gas-engine  can  be 
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started  up,  and  if  its  lubricators  are  all  filled,  it  will  need  no 
attention  for  Lours  at  a  time.  In  these  days  of  self-starters, 
there  is  no  difficulty  in  starting  up  any  size  of  gas-engine.  The 
whole  of  the  power-house  and  the  greater  portion  of  the  boiler- 
house  attendants  would  be  dispensed  with  if  steam  were  re- 
placed by  gas.  The  few  attendants  required  for  the  producer 
phmt  would  be  recruited  from  the  boiler-house  staff. 

The  only  remaining  question  is  the  capital  outlay  required 
for  the  two  systems.  In  this  connection  we  have  most  valuable 
and  up-to-date  information  given  us  in  the  case  of  the  Johan- 
nesburg Town  Council  plant.  Alternative  tenders  were  asked 
for  both  steam  and  gas-driven  plants  of  the  same  size  units, 
erected  complete  with  all  accessories. 

There  was  practically  no  difl:erence  in  the  cost  of  the  two 
systems,  and  wlien  it  is  remembered  what  a  large  proportion  of 
an  ordinary  mining  plant  forms  spares  for  the  balance  (at  least 
25  per  cent.,  omitting  hoists),  nearly  all  of  which  would  be 
saved  with  a  gas-driven  plant,  the  balance  for  a  mine  would 
certainly  be  in  favour  of  the  gas  sets. 

As  there  would  be  about  three  to  five  different  sizes  of 
engines  installed  on  one  mine,  it  would  only  be  essential  to  hold 
a  reserve  engine  of  each  size,  and  spare  parts.  In  case  of  a 
serious  accident,  the  reserve  engine  could  be  installed,  and  in 
minor  accidents  spare  parts  could  be  put  in.  The  most  serious 
breakdown  could  be  remedied  with  a  mimimum  of  delay  and 
cost. 

If  one  central  producer  plant  served  two  or  three  adjoining^ 
mines,  the  capital  outlay  would  again  be  reduced. 

There  is  a  final  contingent  advantage  with  a  gas  plant.  All 
coal  consumption  on  the  mine  would  be  localised  at  one  centre, 
(jas  would  be  delivered  wherever  required — for  smiths'  forges, 
smelting  and  assay  offices,  domestic  cooking  and  heating,  etc.,. 
and  there  would  be  a  further  large  saving  in  this  direction. 

The  author  hopes  that  his  remarks  will  induce  those- 
having  the  equipment  of  mines  in  hand  to  jrive  more  than  a 
passing  thought  to  gas  plants,  and  if  one  or  two  seriously  con- 
sider the  matter,  he  will  feel  that  his  efforts  have  been  amply 
rewarded. 


34.— THE   BACTERIAL    PURIFICATION    OF    SEWAGE. 

By  J^knest  S.  Phextice,  A.M.I.C.E. 
(Plates  XXXII.  ami  XXXIII.) 

There  is  an  impression  that  works  for  the  purification  of 
sewage  must  necessarily  be  oft'ensive  to  residents  at  hand,  and 
that  such  works  are  a  burden  to  the  community  for  whose  con- 
venience they  exist.  I  trust,  tlierefore,  the  following  account 
will  help  to  remove  this  idea,  and  will  convey  some  notion  of  the 
immense  advances  made  in  this  subject  of  sewage  disposal  dur- 
ing the  last  15  years.  This  account,  I  may  say,  is  groundetl 
largely  on  experiences  gained  as  pupil  and  assistant  .of  the  late 
Sir  Joseph  Bazalgette,  of  London  main  drainage  repute,  and  ou 
other  works  of  sewage  with  which  I  have  been  connected. 

Until  about  the  year  1890,  town  authorities,  or  other  parties 
who  desired  or  were  compelled  to  purify  their  sewage,  before 
discharging  it  into  the  nearest  wat(»r-c()urse,  were  for  the  most 
part  brought  face  to  face  with  great  expenses,  and  often  more 
or  less  insuperable  difficulties.  It  may  be  said  that  until  about 
this  period  fhe  only  process  from  which  real  purification  might 
be  expected  consisted  in  passing  the  sewage  <m  its  arrival  at 
the  place  of  purification  through  a  settling  tank,  in  which  tank 
were  caught  and  deposited  all  the  grosser  matter  in  the  form 
of  sludge.  More  or  less  costly  chemi(»aLs  were  often  used  for 
this  part  of  the  process,  to  expedite  precipitation  or  render  it 
more  complete.  The  object  of  the  removal  of  the  grosser  matter 
was  to  prevent  the  surface  of  the  land  on  to  which  the  sewage 
was  afterwards  passed  from  becoming  clogged  with  solid  filth, 
and  so  stopping  filtration  and  giving  rise  to  a  nuisance.  The 
sewage,  after  passing  through  and  leaving  the  depositing  tank, 
was  run  on  to  a  large  area  of  land,  known  as  a  sewage  farm,  and 
usually  divided  into  plots.  The  fiow  of  sewage  over  this  land 
was  continually  watched  day  and  night  by  a  staff  of  men,  and 
when  one  section  was  considered  by  them  to  have  received 
enough,  they  diverted  it  to  the  plot  next  in  rotation.  The 
sewage  was  uniformly  distributed  over  each  section  of  ground 
by  numerous  trenches  cut  on  the  surface,  from  which  it  over- 
flowed on  to  the  adjacent  soil.  It  then  soaked  away  through 
the  soil  into  drains  laid  at  a  lower  level.  Through  these  drains 
it  passed  in  a  more  or  less  clear  and  inoffensive  condition  to  the 
nearest  watercourse.  Ret  ween  each  flooding  of  sewage  over  the 
ground,  intervals  of  rest  were  allowed  for  the  sewage  to  drain 
comnletelv  awav  out  of  the  soil,  and  for  air  to  be  drawn  down 
into  its  pores  for  its  thoroucrh  aeration.  This  aeration  of  the 
soil  was  indispensable  to  the  conversion  of  the  putrefactive 
nitrogenous  matter  in  the  sewage  into  non-putrefactive  nitrites 
and  nitrates.  In  other  words,  aeration  was  essential  to  purifica- 
tion. 

These  nitrates  are  the  precise  form  of  foml  required  for  the 

sustenance  of  plant  life.     With  a  continuous  supply  of  such 
food  to  the  soil,  it  was,  usually  found  advantageous  to  cultivate 
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1  hereon  crops,  such  as  wheat,  beetroot,  cabbages,  etc.  The  sale, 
however,  of  these  crops  did  little  more  than  somewhat  reduce 
the  cost  of  working  expenses. 

With  regard  to  the  installation  and  maintenance  of  such 
sewage  purification  works,  the  chief  troubles  were,  firstly,  the 
difficulty,  more  especially  in  closely  populated  countries,  of  find- 
ing a  large  enough  area  of  ground  conveniently  situated  at  a 
moderate  price,  and  with  soil  of  a  porosity,  suited  for  filtration 
purposes.  For  example,  a  town  of  10,000  inhabitants  might 
re(iuire  a  piece  of  land  measuring  a  quarter  of  a  mile  by 
i\  quarter  of  a  mile  in  area,  and  because  of  the  not  un- 
reasonable opposition  of  residents  and  landowners  at  hand,  the 
ground  desired  was  often  very  difficult  to  secure. 

After  tlie  land  had  been  obained,  much  labour  had  to  bo 
spent  on  its  surface  and  in  laying  sub-drains  before  it  was  ready 
to  receive  the  sewage.  Moreover,  much  work  had  to  be  done  on 
it  annually  afterwards,  by  ploughing  and  otherwise,  to  main- 
tain the  surface  in  proper  order.  After  the  working  of  the 
sewage  farm  had  commenced,  one  of  the  main  troubles  was  how 
to  dispose  of  the  sludge  continually  accumulating  in  large  quan- 
tities in  the  depositing  tank.  In  London,  for  example,  sludge 
is  taken  by  a  fleet  of  six  large  steamers  to  sea,  and  there  de- 
posited. In  inland  and  other  towns  it  has  been  pressed  by 
somewhat  elaborate  machinery  into  cakes,  but  this  process  is  an 
offensive  one,  moreover  the  cakes  are  usually  a  source  of  trouble 
and  expense  to  dispose  of.  Another  serious  difficulty  occurs 
during  continuous  rains,  when  the  ground  through  which  the 
sewage  has  to  percolate  becomes  water-logged,  and  the  aeration 
of  the  soil  essential  to  the  success  of  purification  is  for  the  time 
stayed.  At  such  times  the  sewage  must  perforce  pass  through 
the  ground  into  the  sub-drains  and  then  into  the  river,  with 
little  or  no  purification  taking  place.  Lastly,  although  the 
sewage  farm  may  have  been  endowed  with  all  the  conditions  for 
securing  effective  purification  of  the  sewage,  lack  of  judgment 
or  carelessness  in  the  supervision  would  often  result  in  an  evil- 
smelling  works  and  the  turning  of  an  offensive  effluent  into  the 
river. 

Moreover,  as  towns  increased  in  size  and  river  conservan- 
cies became  more  insistent  on  the  purity  of  discharges  into 
streams,  a  solution  of  this  sewage  problem  was  more  and  more 
eagerly  sought  for.  Many  investigations  were  made  with  this 
end  in  view.  Although  it  was  well  understood  some  time  before 
the  year  1877  that  purification  of  sewage  by  percolation  through 
natural  soil  was  due  to  the  combination  of  oxygen  from  air 
caught  in  the  soil  with  the  organic  matters  in  the  sewage  to 
form  nitrates,  it  only  became  known  about  this  time  that  this 
combination  was  entirely  brought  about  by  what  are  known  as 
aerobic  bacteria,  which  naturally  reside  everywhere  in  the  soil. 
It  was  found  that  if  they  were  absent  the  combination  and  con- 
sequent purification  could  not  take  place.     Aerobic  bacteria  ai-e. 
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of  roiirse,  bacioria  to  wliicli  a  continuous  supply  of  air  is  essen- 
tial to  their  life  processes.     It  having  become  established  beyond 
question  that  real  purification  could  only  be  effected  by  bring- 
ing sewage  in  contact  with  aerobic  bacteria,  experiments  were 
directed  to  finding  out  a  more  rapid  method  of  doing  this  than 
that  through  the  natural  soil.       It  may  be  said  that  the  first 
practical  outcome  of    the    investigations    for    purifying    town 
Hcwage  on  a  large  scale  was  the  introduction  by  Mr.  Dibdin, 
about  the  year  1800,  of  his  artificial  bacteria  beds  at  Sutton,  in 
I^^ngland.       Mr.  Dibdin  was  then  the  chemist  of  the  London 
County  Council.     The  invention,  if  it  may  be  so  called,  con- 
sisted of  a  series  of  five  shallow  reservoirs  from  3  to  4  feet  deep 
and  about  '50  by  50  feet  each  in  area,  made  with  concrete  bot- 
toms and  side  walls,  very  much  as  shown  in  that  part  of  PI. 
XXXII.  marked  "  Bacteria  Beds.*'  These  reservoirs  were  filled  to 
the  top,  preferably  with  small  pieces  of  coke  or  clinkers  for  the 
bacteria  to  cling  to  and  reside  in  when  the  bed  was  in  working 
order.     The  process  was  as  follows: — The  sewage  on  its  arrival 
at  the  works  was  first  passed  through  a  strainer  to  remove  the 
grosser  matters,  liable  to  choke  the  beds.     It  was  then  conveyed 
by  a  distributing  channel  (much  as  shown  on  PI.  XXXII.)  to 
the  coke  beds  one  at  a  time  in  rotation.     As  each  bed  was  filled, 
the  sewage  was  allowed  to  remain  in  contact  with  the  bacteria 
on  the  coke  for  about  two  hours.     A  valve  in  the  bottom  of  the 
bed  was  then  opened,  through  which  the  sewage  escaped  in  a 
partially  purified  state  into  one  of  a  set  of  secondary  filter  beds 
(not  shown  on  PI.   XXXII.),  in  which   it  underwent  further 
purification  by  precisely  similar  treatment  to  that  in  the  first 
bed.     From  the  latter  bed  it  fiowed  off  in  a  clear  and  inoffensive 
condition  to  the  adjacent  watercourse.     It  should  be  further  ex- 
plained that  as  the  sewage  escapes  from  the  filter  beds,  such  as 
these,  air  is  drawn  down  into  the  interstices  of  the  coke,  from 
which  the  bacteria  on  th(»  coke  abstract  the  oxygen  as  in  a  sew- 
age farm.     The  bed  is  then  allowed  to  stand,  aerating  for  three 
or  four  hours,  until  its  time    comes   again    to   be   flomled    with 
sewage.     When  the  beds  are  next  charged  with  sewage  the  bac- 
teria pass  the  putrefactive  organic  matter  in  the  sewage  through 
their  bodies,  with  the  result  that  the  oxygen  that  they  have  ab- 
sorbed enters  into  combination  with  this  matter  to  form  non- 
putrefactive  nitrates.        These  can   either  be  passed   with   the 
liquid  filtrate,  direct  to  the  nearest  watercourse,  or  used  for  the 
irrigatiiui  of  land  <m  which  crops  are  grown. 

What  makes  these  artificial  bacteria  lyeds  a  far  more  eco- 
nomical and  rapid  means  for  purifying  sewage  than  a  sewage 
farm  can  be,  is  the  fact  that  these  beds  can,  if  the  available  fall 
allow,  l>e  of  any  depth  or  thickness.  The  bacteria  will  estab- 
lish and  maintain  themselves  in  these  beds  in  the  highest  state 
of  activity  as  rea<lily  and  thickly  in  the  lowest  layers  as  at  the 
top,  whereas  in  the  sewage  farm  they  cannot  usually  live  at  a 
greater  depth  than  18  inches  from  the  surface.    This  is  owing 
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to  the  largeness  of  the  interstices  between  the  particles  of  coke, 
permitting  the  ready  access  of  air  throughout  every  part  of  the 
bed.  Moreover,  owing  to  the  quickness  with  which  the  bed  can 
be  cleared  of  sewage  after  purification,  and  the  rapidity  with 
which  air  takes  its  place,  aeration  instead  of  being  a  matter  of 
(lays,  as  in  the  vsewage  farm,  is  (miy  a  question  of  three  or  four 
hours.  Thus  large  volumes  of  sewage  can  be  purified  on  a  far 
less  area  of  land  by  the  artificial  method  than  by  the  old  sewage 
farm.  It  has  been  already  mentioned,  for  example,  that  a  town 
of  10,000  inhabitants  might  require  a  sewage  farm  a  quarter  of 
^  mile  by  a  (piarter  of  a  mile  in  area,  or  about  50  acres.  It  is  pos- 
sible to  do  the  same  work  by  the  artificial  process  on  one  acre. 
Further,  the  distribution  of  sewage  to  the  several  beds  and  sub- 
sequent discharge  from  same,  instead  of  requiring  the  attend- 
4\nce  of  a  trained  staff  of  men,  day  and  night,  is  entirely  effected 
by  automatic  appliances  (not  shown  on  plate).  Thus  the 
proper  period  of  contact  of  sewage  with  bacteria  and  also  of 
4\eration  is  invariably  secured.  Further,  the  labour  of  main- 
tenance practically  disappears,  and  negligence  and  mismanage- 
ment, no  uncommcm  occurrence  in  the  sewage  farm,  become 
next  to  impossible.  The  constant  feed  of  organic  matters  to 
the  beds  does  not,  as  might  1)0  imagined,  choke  them  up,  for 
thej-  maintain  their  capacity  for  sewage  and  work  for  years. 

Although  the  Dibdin  treatment  in  aerobic  beds  most 
■effectually  purified  the  organic  matter  in  solution  or  finely 
divided  solid  matter  in  suspension,  his  process  did  not  provide 
a  means  for  the  purification  of  tlie  grosser  organic  matter.  This 
Mr.  Dibdin  continued  to  remove  from  the  sewage  by  the  old 
method  of  screening.  Here  it  may  be  said  that  Mr.  Cameron, 
at  that  time  city  engineer  of  Exeter,  stepped  in  and  introduced 
the  treatment  now  practised  as  preliminary  to  that  in  the  Dib- 
•<lin  beds.  This  process  is  the  well-known  Septic  Tank  Treat- 
ment, and  is  shown  on  the  left-hand  half  of  PI.  XXXII.  It 
may  be  said  to  be  the  first  practical  arrangement,  on  a  large 
«cale,  for  the  purification  of  the  grosser  matter  brought  down  by 
•sewage.  With  the  advent  of  this  improvement  the  question  of 
the  complete  artificial  purification  of  sewage  on  a  large  scale 
may  be  said  to  have  been  completely  solved,  without  any  doubt 
"whatever. 

A  septic  or  liquefying  tank  is  usually  a  plain  tank,  with 
<*traight,  vertical  sides,  in  concrete,  with  a  bottom  of  the  same 
material,  and  may  be  either  open  or  covered  over.  It  is  usually 
of  a  capacity  to  contain  one  day's  dry  weather  flow  of  sewage, 
which  is  in  continuous  process  of  flowing  in  and  out,  by  sub- 
merged inlets  and  outlets  at  opposite  ends.  Here  the  solids  of 
all  sorts  are  trapped  and  detained,  until  they  have  been  brought 
to  a  liquid  condition  by  an-aerobic  bacteria  resident  in  the  tank, 
and  in  this  liquid  condition  the  former  solids  pass  on  to  the  coke 
beds.  An-aerobic  bacteria  are,  of  course,  bacteria  which  per- 
form tlieir  life  processes  in  the  absence  of  air,  and  these,  like 
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the  aerobic,  come  down  in  the  sewage.  It  is  not  pretended  that 
there  is  no  sludge  at  all  deposited  in  the  tank ;  wliat  there  is, 
however,  18  quite  a  negligable  quantity  in  comparison  with 
that  left  in  the  tank  of  the  old  sewage  farm. 

This  sludge  may  be  drawn  off  once  a  year,  without  offence, 
and  without  disturbing  the  top  sewage.  No  chemicals  are 
added  to  the  sewage  either  in  the  septic  tank  or  coke  beds;  in- 
deed, cliemicals  destroy  tlie  bacteria  and  arrest  purification.  No 
offence  whatever  arises  from  the  coke  beds,  and  no  smell  is  per- 
ceptible even  to  a  person  standing  on  the  bed.  There  is  only  a 
faint  odour  from  the  septic  tank  at  close  quarters,  and  none 
whatever  a  few  yards  away.  Neitlier  is  thei-e  anything  of  any 
kind  soever  to  offend  the  eye  in  the  appearance'  of  tlie  worka 
or  any  product  therefrom. 

Not  the  least  advantage  of  the  bacterial  system  is  its  adapt- 
ability to  dealing  witli  the  sewage  and  slop-water  of  private 
residences  beyond  tlie  range  of  a  town's  sewers.  Single  houses, 
containing  but  a  few  individuals,  standing  in,  say,  only  an  acre 
of  ground,  can  have  their  sewage  purified  by  this  means,  on  the 
premises,  without  offence  to  those  residing  there  or  neighbours. 
The  entire  sewage  of  many  leading  cities  in  England  and  abroad 
is  now  dealt  with  on  the  bacterial  system,  and  it  is  now  contem- 
plated to  deal  with  the  whole  of  the  sewage  of  London  by  this 
method. 

The  aerobic  bacteria  beds  described  so  far  are  on  what  ia 
known  as  the  contact  principle.  There  is,  however,  another 
method  largely  practised  for  bringing  the  septic  tank  effluent 
and  aerobic  bacteria  together.  This  is  known  as  the  percolat- 
ing system.  By  this  method  the  septic  tank  effluent,  instead  of 
being  retained  in  coke  and  bacteria  charged  tanks,  is  sprinkled 
over  the  surface  of  the  bed,  as  (m  PI.  XXXIII.  The  even  distribu- 
tion of  sewage  is  eft'ected,  as  in  the  diagram,  by  a  revolving  auto- 
matic sprinkler,  on  the  Barkers'  Mill  or  recoil  principle,  or  by 
other  means.  The  sewage  falling  from  the  sprinkler  slowly 
trickles  through  this  bed,  and  passing  through  the  bacteria  on 
the  coke  in  its  downward  course,  falls  on  to  the  sloping  paved 
floor  of  the  bed,  in  a  purified  and  clear  state.  From  the  sloping 
pavement  it  immediately  drains  into  a  culvert,  wholly  or  par- 
tially surrounding  the  bed,  and  thence  it  is  conducted  either 
over  a  sewage  farm  or  to  the  nearest  water-course,  as  desired. 

The  advantages  of  this  system  are  the  extreme  simplicity 
of  the  distributing  appliances,  and  that  the  highest  degree  of 

1)urification  can  be  effected  without,  as  in  the  contact  system, 
laving  to  resort  to  secondary  bacteria  ImhIs,  before  described. 
The  latter  involve  a  second  set  of  automatic  appliances,  cul- 
verts, etc.,  for  regulating  and  distributing  the  flow  of  sewage 
between  the  primary  and  secondary  l)eds,  which  means  con- 
siderable extra  cost  and  attention.  Further,  the  percolating 
beds,  not  being  required  to  retain  sewage  in  bulk,  only  for  it 
to  trickle  through,  the  expense  attending  the  construction  of 
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water-tight  masonrj^  side  walls  is  not  incurred.  Bacteria  beds, 
on  the  percolating  system,  are  about  to  be  installed  for  dealing 
with  the  sewage  of  Bloemfontein,  and  it  is  the  system  practised 
with  success  in  England,  for  the  cities  of  Salisbury  and  Chester 
and  other  places. 

Comparisons  between  the  pail  system  for  collecting  foul 
matter  and  water  as  now  practised  in  this  Colony  and  the 
water-borne  and  bacterial  purification  show  that  for  every  £3 
now  spent  on  rates  by  householders  for  the  pail  system,  £1  would 
be  saved  by  substituting  the  modern  water  method.  Apart  from 
the  saving  in  expense,  the  benefit  to  health  would  be  most 
incalculable. 


EXPLANATION   OF    PLATES    XXXII.    AND   XXXIII. 

Plate  XXXLI. — View  of  bacterial  tanks  for  the  puiification  of  sewage. 

Plate  XXXII I.— Section  thi-ough  aerotic  bacteria  beds  on  the  percolating  system. 


35.— TJIE    SEPTIC    TANK    TREATMENT    OF    SEWAGE. 

By  J.  C.  S.  Beynox,  A.M.I.C.E. 

Of  recent  years  one  of  the  most  puzzling  problems  of  the 
age  has  been  the  purification  of  sewage,  for  the  methods  adopted 
were  totally  at  variance  with  the  laws  of  Nature,  consequently 
serious  and  costly  failures  were  the  result;  but  with  the  bac- 
teria method  a  far  happier  and  better  light  is  thrown  upon  the 
subject,  and  I  fully  believe  that  the  difficulties  are  now  at  an 
end.  It  is  with  great  pleasure  that  I  have  the  opportunity 
given  me  to  explain  to  you  the  **  Septic  Tank  System/'  which 
is  the  most  successful  method  of  bacteriological  treatment. 

**What  is  sewage!-'"  It  may  be  defined  as  *'the  liquid 
ccmtents  of  a  sewer.'*  It  consists  of  all  foul  water  from  town, 
or  house,  as  the  case  may  be,  such  as  slop  water,  excreta,  drain- 
ings  of  stables,  and  further,  of  dirty  water  from  laundries, 
slaughter  houses,  waste  water  from  dairies,  and  the  washinga 
from  streets  and  back  yards. 

Tliis  sewage,  carried  in  a  pipe  or  drain  to  a  ccmimon  out- 
fall, used  to  be  discharged  into  the  nearest  rivulet  or  stream,  or, 
if  a  seaside  town,  on  to  the  foreshore,  where  the  tide  was  ex- 
pected to  wash  it  away;  but  after  a  time,  as  the  villages  or 
towns  grew,  the  streams  could  not  bear  the  strain,  and  soon  be- 
came polluted,  so  that  they  themselves  were  nothing  better  than 
open  sewers.  In  the  same  way  with  the  foreshores;  but  per- 
haps this  was  even  worse,  as  sea  water  delays  the  oxidation  of 
organic  matter,  causing  the  solids  to  accumulate  on  the  beach, 
and  a  horrible  stench  is  emanated  therefrom.  When  this  state 
of  things  could  no  longer  be  tolerated,  irrigation  became  the 
fashion,  and  the  cry  was,  "  Bet  urn  to  the  land  what  you  have 
taken  from  it,''  so  the  sewage  was  discharged  on  to  the  land  in 
its  crude  state,  but  the  ground  soon  became  saturated,  and  the 
effluvia  in  the  neighbourhood  of  these  farms  was  what  might 
have  been  expected. 

Then  the  grosser  solids  were  arrested  by  screening,  but  a 
large  amount  yet  remained  in  suspension,  and  the  ground  had 
to  be  constantly  hoed,  as  the  pores  of  the  soil  soon  became 
clogged  with  an  impermeable  coating,  which  solidified  on  the 
surface,  keeping  out  the  air,  which  was  absolutely  necessary 
for  vegetation. 

But  this  difficulty  was  seemingly  got  over  by  recourse  to 
chemical  precipitation,  in  which  lime,  alum,  or  a  salt  of  iron 
were  mixed  with  the  sewage,  the  suspended  matter  being  pre- 
cipitated in  the  form  of  sludge,  and  this  sludge  was  expected  to 
be  sold  at  enormous  profits.  There  were  also  several  other 
methods  for  the  formaticm  of  this  sludge,  but,  alas!  it  was  soon 
found  that  there  was  no  market  for  it,  and  instead  of  being  of 
any  value  it  soon  became  a  nuisance  and  a  difficulty  to  get  rid 
of,  and  now  cities  like  London,  Manchester,  and  Glasgow  ship 
this  sludge  out  to  sea,  and  dump  it  there  at  the  cost  of  thou- 
sands a  vear. 
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In  the  case  of  tlie  seaside  towns  the  sewer  was  carried  out 
sometimes  several  miles  to  a  prominent  point,  and  discharpred 
into  a  tidewa3%  in  the  hope  that  it  might  be  borne  away,  but 
often  it  was  carried  back  again,  and  crude  sewage  could  be  seen 
floating  about. 

No  one,  I  tliink,  can  say  tliat  any  of  these  methods  has 
been  satisfaHory,  and  in  tlie  case  of  the  chemical  methods  of 
purification  it  is  now  proved  tliat  they  were  totally  wrong,  inas- 
much as  tliey  arrest  decomposition,  and  kill  the  very  means 
that  nature  provided  for  dealing  witli  such  matter;  the  result  is 
an  accumulation  of  solids,  and  when  the  effluent  is  allowed  to 
discharge  into  a  river,  with  all  appearances  of  being  clear  and 
pure,  under  the  altered  chemical  conditions  it  becomes  foul  and 
putrescent  in  a  short  time,  putrefaction  having  commenced 
after  being  stayed  for  tlie  pcM'iod  of  treatment,  and  a  costly 
failure  has  to  be  recorded. 

The  remaining  system  is  known  as  tlie  bacterial  action,  or 
natural  means,  and  the  septic  tank  treatment  is  worked  on  this 
principle,  with  the  conditicms  made  as  nearly  ideal  as  possible. 

In  1895,  Mr.  Donald  Cameron,  who  was  then  city  surveyor 
of  Exeter,  had  been  busy  experimenting,  and  the  result  was 
the  septic  tank  system  of  drainage,  in  which  the  solid  matter  of 
sewage  is  capable  of  being  dissolved  and  destroyed  by  the  action 
of  anaerobic  micro-organisms. 

Bacteria  are  very  low  forms  of  plant  life,  which  feed  on 
tJie  organic  matter  and  excrete  it  in  a  new  form,  its  chemical 
composition  as  a  rule  being  rendered  simpler  by  the  change. 

In  shape  bacteria  are  in  spheres,  rods,  and  spirals;  the 
spheres  are  often  in  chains  like  strings  of  beads,  extremely 
minute,  and  never  visible  to  the  naked  eye,  but  their  power  of 
multiplication  is  extraordinary  and  almost  incredible  :  in  24 
hours  the  number  of  offspring  from  each  bacterium  is  computed 
to  be  16.500,000  descendants,  and  in  two  days  about 
281,500,000,000.  This  would  give  about  a  solid  pint  of  bac- 
teria; this  is  what  they  might  do  if  nothing  happened  to  check 
them,  but  through  the  lack  of  food,  or  by  the  accumulation 
of  their  own  excreted  products,  which  are  injurious  to  them, 
thev  in  their  turn  die  off,  and  are  thereby  kept  within  reason- 
able bounds. 

The  method  of  growth  is  by  simple  division  or  fission; 
each  individual  sphere  elongates,  and  then  divides  in  the 
middle  into  similar  halves,  each  of  which  repeats  the  process, 
and  so  they  go  merrily  on;  another  kind  continues  to  increase 
in  length,  sometimes  without  showing  any  signs  of  divisions, 
and  long  threads  are  formed,  but  these  after  a  time  break  up 
into  short  rods. 

Bacteria  have  had  a  very  bad  name,  and  even  in  the 
popular  imagination  they  are  to  be  avoided  at  all  risks,  but  this 
is  a  most  difficult  matter  to  do,  as  they  exist  almost  everywhere 
on  the  surface  of  the  earth ;  they  are  in  the  soil,  they  are  in  the 
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water,  in  i\w  air,  and  you  may  be  sure  there  is  a  plentiful  sup- 
ply of  theiu  in  the  Joliannesburg  dust;  they  are  always  to  be 
found  in  (excessive  abundance  in  all  decaying  matter,  but  they 
will  not  do  any  harm,  and  are  really  agents  for  good,  but  like 
the  **  black  sheep"  whicli  are  in  every  fold,  you  may  come 
across  a  **  pathogenic-  "  bacteria,  which  is  capable  of  doing  great 
injury,  but  these  germs  are  very  few  compared  to  the  great  host 
of  harmless  species. 

The  benefits  w^'  derive  from  bacteria  are  enormous,  and 
their  aid  is  necessary  in  the  manufacturing  of  linen,  jute,  and 
h(»mp,  citric  acid,  vinegar,  tobacco  curing,  butter,  cream,  and 
many  other  things. 

Sewage  tliat  contains  liuman  excrement  works  its  own  de- 
struction, as  all  faecal  matter  teams  with  bacteria;  at  the  same 
time,  it  takes  a  litth'  while  for  these  busy  '*  scavengers'*  to  mul- 
tiply in  sufKcient  (juantities  to  set  up  the  required  fermentation, 
or  decomposition,  whicli  forms  the  scum,  or  leathery-looking 
layer,  rni  the  surface  in  the  sej)tic  tank. 

Ai  Pit^toria,  for  the  new  cantonments,  I  have  just  com- 
pleted an  instaUnti(ni  for  -J,!)!)!)  people,  which  is  now  working,^ 
and  giving  satisfactory  results,  and  peihaps  it  will  be  as  well 
to  give  you  this  installation  as  an  example,  and  to  explain  at 
the  same  time  its  working. 

Tiie  installation  consists  of  a  grit  chamber,  with  storm- 
water  overflow,  two  septic  tanks,  and  eight  filter  beds. 

The  grit  chamber  is  for  the  purpose  of  catching  all  in- 
soluble matter  like  sand,  road  detritus,  and  such  like  from 
passing  into  th(»  tanks,  and  it  is  surprising  what  is  found  in 
this  chamber.  If  the  volume  of  sewage  is  too  large  for  enter- 
ing the  tanks  by  th(»  addition  of  surface  or  rain  water,  say  from 
the  roofs,  and  therefore  diluted  to  a  large  extent,  a  storm-water 
overflow  weir  is  j)laced  in  this  chamber  at  high-water  level,  and 
is  checked  bv  a  dipping  slab,  which  keeps  back  all^solid  matter 
which  would  otherwise  be  washed  on  to  the  land.  The  sewage 
from  this  grit  chamber  passes  into  a  channel,  which  conducts 
it  to  i\w  intakes  of  the  septic  tanks,  two  in  each  chamber.  The 
<leliverv  from  these  intakes  is  two  feet  below  the  surface  or  low- 
water  level;  this  is  done  to  avoid  disturbing  the  scum,  and  to 
shut  off  any  air  from  entering. 

These  tanks  are  practically  air-tight,  being  covered  over 
nith  concrete  arches,  but  provision  is  made  in  each  tank  for 
the  escape  of  the  gas  generated,  in  order  that  they  may  not 
g{*i  too  seriously  charged,  the  depth  below  the  springing  at  the- 
intake  end  being  (i  ft.  9  in.,  to  7  ft.  'i  in.  at  the  outlet  end,  and 
are  constructed  to  hold  24  hours'  supply,  ordinary  dry  weather 
flow.  The  flow  through  the  tank  is  continuous,  and  the  effluent 
is  drawn  oft  I  ft.  (i  in.  below  the  water-level,  the  effluent  therebv 
passing  off  in  an  even  stream  bv  a  (i  in.  pipe  with  an  half-inch 
slot,  running  across  the  end  of  the  tank,  causing  as  little  dis- 
turbance as  possible  to  the  scum  accumulated.     Now,  the  ques- 
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tioii  naturally  arises  in  your  minds,  what  becomes  of  the  solids 
— surely  the  tank  must  soon  get  full  of  sludge ;  but  it  is  here 
that  the  micro-organisms  start  doing  their  work,  and  very 
effectual  it  is,  consisting  in  the  breaking  up  and  liquefying,  and 
ultimate  destruction  of  all  organic  matters,  and  ecmverting  thorn 
into  harmless  compounds,  such  as  nitric  acid,  carbonic  acid, 
ammonia,  and  water,  with  a  considerable  amount  of  gas  gene- 
rated— viz.,  marsh  gas  (methane),  hydrogen,  and  carbonic  acid, 
the  first  two  being  highly  inflammable  gases,  therefore  no  liglit 
should  be  allowed  to  go  near  these  tanks,  otherwise  disagree- 
4ible  consequences  may  ensue.  At  Exeter  tlie  works  are  liglited 
by  the  gas  generated  in  the  tanks,  incandescent  mantles  being 
used,  or  otlierwise  the  gas  only  gives  off  a  blue,  liot  flame. 

The  action  of  the  bacteria  is,  that  any  solids  entering  the 
tank,  on  falling  to  the  floor  are  immediatelj-  attacked,  and  are 
partly  rendered  soluble;  these  particles  become  buoyant,  owing 
to  the  gas  generated  and  adhering  to  the  sides  of  the  solids, 
causing  them  to  rise  to  the  top,  forming  the  scum  mentioned. 
This  action  is  constantly  going  cm,  until  the  matter  finally  falls 
back  to  the  bottom  of  the  tank  in  a  black  ash;  tliis  is  inofVen- 
sive,  and  of  very  small  bulk,  and  only  requires  to  be  removed 
«t  very  long  intervals. 

Provision,  however,  is  made  for  the  clearing  of  this  ash 
in  all  large  tanks  now  by  a  slotted  pipe,  at  tlie  lower  end  of  the 
tank,  which,  by  opening  a  valve,  is  discharged  tlirough  this 
pipe,  and  no  disturbance  is  thereby  given  to  the  scum. 

From  this  tank  it  flows  into  the  effluent  chamber,  and  from 
thence  to  the  gear  chamber,  and  into  the  filter  beds,  eight  in 
number,  or  in  two  sets  of  four.  The  tank  effluent  is  admitted 
to  each  filter  in  turn,  through  a  valve,  the  working  of  which  is 
automatic,  and  by  a  series  of  levers  and  buckets,  the  latter  of 
which  is  emntied  by  syphons.  The  advantage  of  this  gear  is 
very  great;  its  chief  merit  lies  in  the  precision  and  certainty 
with  which  it  does  its  work.  Without  its  aid,  two  white  men 
at  least  would  be  required  to  attend  to  the  proper  working  of 
theplant,oneby  dayand  oneby  night.  It  is  impossible  under 
ordinary  circumstances,  and  with  the  class  of  attendant  usually 
available,  to  ensure  the  operations  being  effected  with  anything 
like  the  precision  which  is  attained  by  this  gear,  whereby  not 
onlv  is  the  best  work  got  out  of  the  filters,  but  they  are  kept  in 
a  thoroughly  healthy  condition,  with  no  risk  of  their  "becomim? 
^*  sick  "  (as  the  term  is),  due  to  being  asked  to  do  too  much 
work,  not  being  properly  aerated,  or  other  various  causes,  which 
are  bound  to  occur  if  Left  to  the  tender  mercies  of  hand  regula- 
tion. 

To  get  real  purificaticm,  the  filtrations  of  sewage  must  be 
intermittent,  and  here  lies  to  my  mind  the  success  of  this  sys- 
tem, each  filter  doing  its  proper  amount  of  work,  and  then  hav- 
ing its  rest.  Taking  the  four  filters,  you  have  one  filling, 
another  is  full  and  allowed  to  remain  full  for  a  certain  period, 
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and  the  other  is  either  emptying  itself  or  resting  for  a  while. 
In  the  emptying  the  great  thing  is  to  get  the  discharge  away 
quickly,  so  that  air  is  sucked  into  the  filtering  material.  The 
bacteria  which  do  their  work  in  these  filter  beds  are  quite 
different  to  those  working  in  the  tank,  for  those  that  do  their 
work  with  licrht  and  air  excluded  are  known  as  "  anaerobic,'* 
while  tliese  are  known  as  "  aerobic,"  and  require  as  much  light 
and  air  as  nossible,  and  tlic  work  to  be  done  consists  in  the 
oxidation  of  the  ammonia  formed  in  the  tank.  This  is  con- 
verted into  nitric  acid,  which  at  once  combines  with  the  bases 
to  form  nitrates. 

The  filtering  material  should  be  either  coke  breeze,  clinker, 
or  cinder  sifted  through  an  half-inch  mesh,  and  passed  over 
another  screen  of  one-eighth  inch  mesh,  and  so  freed  of  all  dust. 

The  filtered  effluent  has  been  constantly  analysed  by  the 
foremost  chemists  at  Home,  and  I  now  give  30U  an  average 
samnle  of  tank  and  effluent  taken  on  six  different  days  in  May, 
and  ending  June  8th,  at  Belle  Isle,  Exeter,  at  the  installation 
there. 

AVEKAGK   ((JllAIXS    PEll   GALLOX). 
Raw  Sewai^e.        T 

Total  Solids  ...         ...  57.0 

Mineral  Matter         ...  28.3 

Loss  on  Imiition      ...  29.0 

Chlorine         ...          ...  (5.05 

Hardness        ...         ...  8.0 

Nitrites           ...         ...  None 

Nitrates           ...          ...  Traces 

Saline  Ammonia       ...  4.4 

Albuminoid  Annnonii«  .74 

Oxygen  absorbed      ...  4.3 

The  following  table  shows  the  percentage  purification  pro- 
duced by  the  septic  tank  process  according  to  different  observers, 
as  judged  bv  tlie  removal  of  albuminoid  ammonia,  and   oxi- 

disible  matters  :  — 

Aiitlioritv.  Albuminoid  Ammonia.        Oxidizable  Matters 

Dibdin  and  Thudichuni    ...  (J3.2  80.9 

Dupre  .84.9  88.3 

Pearniain  and  Moor  . . .  80.0  90.0 

Perkins        ...         ...         ...  64.4  78.7 

Rideal         77.0  82.0 

I  have  kept  the  effluent  for  months  in  my  office,  in  a  corked 
bottle,  and  only  a  slight  smell  is  given  off'  from  it,  whereas  if 
all  decomposition  had  not  set  in  it  would  be  highly  disagree- 
able ;  this  is  a  very  practical  way  of  testing. 

This  treatment  requires  very  little  supervision ;  at  Pre- 
toria a  man  visits  the  works  once  a  day,  say  for  half  an  hour,  to 
oil  the  bearinors  and  to  supervise  the  working.  The  filter  beds 
require  the  surface  raked  over  occasionally,  which  can  be  done 
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.91 
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by  an  intelligent  native,  and  the  grit  chamber  also  requires 
cleaning  out  about  once  a  week. 

Very  little  smell  is  given  off  from  this  process,  and  it  is 
free  from  any  nuisance,  and  in  many  places  large  installations 
have  been  put  down,  where  they  are  entirely  surrounded  by 
houses,  which  a  glance  at  the  photos  taken  of  some  of  the  in- 
stallations will  show.  This  gives  it  an  enormous  advantage,  as 
the  system  can  be  put  down  in  a  town,  and  therefore  the  cost 
of  a  long  length  of  outfall  avoided. 

Ihe  filtrate  is  a  most  valuable  asset,  as  it  can  be  used  for 
irrigation  purposes,  more  especially  of  the  market  garden  class, 
and  with  the  site  so  near  the  town  is  of  much  higher  value 
than  if  seven  or  eight  miles  distant.  Take,  for  instance,  this 
town  of  Johannesburg;  the  installation  could  be  situated  close 
to  the  town,  the  filtered  effluent  could  then  be  carried  down  the 
natural  watcu-courses,  the  ground  irrigated  on  either  side,  and 
the  water  after  percolating  the  ground  could  be  again  collected 
in  the  spruits,  and  run  into  the  dams,  and  used  for  mining  pur- 
poses. I  trust  that  this  scheme  may  yet  have  the  further  con- 
side  rat  l(m  of  our  Council,  instead  of  taking  it  miles  out  to  a 
sewage  farm,  where  they  are  proposing  to  erect  septic  tanks, 
the  outfall  sewer  alone  costing  nearly  as  much  as  a  complete  in- 
stallation. The  ground  required  for  an  installation  to  treat 
the  sewage  from  60,000  people  would  only  be  about  seven  or 
eight  acres,  whereas  with  a  sewage  farm  for  the  same  number 
120  acres  will  at  least  be  required. 

This  system  is  now  being  adopted  at  most  of  the  new  can- 
tonments in  South  Africa — viz.,  Pretoria,  Standerton,  Potchof- 
stroom,  and  llarrismith — the  effluent  being  used  for  growing 
vegetables  for  the  barracks. 

Several  small  installations  have  been  put  (lown  for  private 
houses,  and  the  advantage  need  hardly  be  pointed  out,  when 
it  is  considered  that  water  closets  may  be  used  instead  of  the 
smelly  pail  closet,  with  the  added  nuisance  of  having  Kaffirs 
prowling  round  your  premises  at  night  time.  Again,  all  your 
slop  water,  the  bane  of  every  householder,  is  at  once  carried 
away,  and  treated  with  the  rest,  your  closets  can  be  built  in  your 
houses,  and  all  the  comforts  of  TTome  sanitary  fittings  can  be 
gained.  The  water  bill  is  cut  down  by  the  fact  that  the  whole 
of  the  effluent  can  be  used  on  the  garden,  which  means,  wi+h  an 
average  private  house,  about  150  crallons  per  day,  or  4.500  gal- 
lons per  month,  of  a  value,  say,  10s.  per  1,000  gallons,  equally 
£2  5s.  a  month. 

These  small  installations  are  automatic  in  their  acticm  but 
require  a  certain  amount  of  supervision  to  see  to  their  correct 
working,  but  anyone  who  will  tnke  a  certain  amount  of  interest 
to  comprehend  the  working  will  repay  over  and  over  again  the 
little  attention  renuired. 

A  very  important  matter  is  to  see  that  all  grease  is  kept 
out  of  the  septic  tank,  otherwise  the  liquefying  action  is  seri- 
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ously  interfered  with,  as  the  grease,  forming  a  layer  on  the  sur- 
face of  the  water,  prevents  the  bacteria  from  doing  their  work. 

I  have  been  constantly  asked,  What  would  happen  if 
typhoid  or  other  pathogenic  germs  got  into  the  tank?  There 
is  no  doubt  this  is  liable  to  liappen,  as  persons  suffering  from 
<ertain  diseases  give  oft*  germs  and  organisms,  capable  of  com- 
municating the  same  disease  to  others,  but  in  the  tank  and 
filter  beds,  tlic  bacteria  whidi  are  present  in  decomposing  the 
sewage,  destroys  these  disease  germs,  and  Dr.  Pickard,  in  his 
report  on  the  Exeter  installation,  states: — * 

'*  Since  May,  1896,  his  attention  has  been  directed  to  the 
influence  of  sewage  upon  disease  germs,  with  a  view  to  ascer- 
tain as  exactly  as  possible  the  extent  to  which  those  disease 
germs  were  destroyed  in  their  passage  through  the  tank  and 
filter  beds.  The  typhoid  bacillus  had  been  taken  as  the  germ  to 
be  investigated,  an(l  in  his  report  he  had  set  out  the  method  and 
result  of  his  several  experiments,  lie  had  experimented  upon 
the  cultivaticm  of  typhoid  bacteria  in  milk,  broth,  etc.  The 
<'()mbinod  action  of  the  tank  and  filters  would  pretty  well 
account  for  the  disposal  of  the  typhoid  germs.  The  vast 
majority  would  be  destroyed.  lie  had  made  a  series  of  experi- 
ments giving  the  amount  of  energy  in  the  bacilli  which  were 
left  in  the  tank.  He  examined  some  storm-water  sewage  just 
as  it  would  cro  into  the  tank.  From  the  observations  and  ex- 
periments he  had  made,  he  was  of  opinion  that  the  system  of 
septic  tanks  and  filters  was  an  exceedingly  good  one  in  every 
respect,  particularly  in  regard  to  its  influence  upon  the  germs 
of  typhoid.  His  test  was  a  very  severe  one,  having  to  introduce 
a  great  number  of  germs  in  order  that  he  might  trace  them  in 
filtering,  lie  had  further  made  experiments  with  colour,  to 
see  if  there  was  any  streaming  through  the  tank,  and  the  result 
was  very  satisfactory.'' 

In  conclusion,  I  wish  to  say  that  this  paper  is  a  descrip- 
tion of  the  septic  tank  only.  There  are  other  methods  in  which 
bacteria  play  the  prominent  part,  and  as  this  subject  is  likely 
to  Ik»  very  much  to  the  front  in  the  near  future  in  many  of  the 
towns  in  South  Africa,  those  takincr  an  interest  in  it  should 
read  the  words  of  Dr.  S.  R ideal,  D.Sc.  (London),  F.I.C.,  Mr. 
George  Thudichum,  F.(\S..  Dibdin,  T.I.C,  F.C.S.,  and  Martin, 
Assoc.  Mem.  Inst.  T.E.,  who  have  treated  this  subject  upon  a 
much  broader  basis  than  I  have  been  able  to.  But  in  bringing 
before  you  this  system  with  which  I  have  had  practical  and 
large  experience,  it  is  in  the  hope  that  your  interest  will  be 
drawn  thereto,  and  that  when  the  question  crops  up  again  you 
mav  then  be  able  to  treat  it  in  a  manner  which  will  enable  the 
b<»8t  results  to  be  obtained,  and  I  shall  then  be  proud  to  remem- 
ber that  my  efforts  in  the  preparation  of  this  small  paper  hare 
not  l)een  in  vain. 

•  Dr.  Pickanl  M.D.,  M.S.,  F.R.C.S.,  D.P.H..  at  the  Lot'al  Qovernment  Board 

Inquiry  held  at  Exeter,  November,  1897. 


36.— NOTES  ON  ITALIAN  AECIIITECTUliE. 

By  W.  Leck. 

In  giving  you  a  few  impressions  made  upon  me  during  a 
visit  to  Italy  a  few  years  ago,  I  have  only  touched  upon  a  short 
period  of  Italian  Architecture  in  a  few  buildings  in  one  or  two 
cities,  and  that  you  may  in  some  manner  understand  how  this 
Architecture  came  to  be  what  it  is,  I  will  shortly  explain  its 
origin  and  development,  starting  from  the  time  of  the  Greeks, 
though  they  themselves  derived  their  inspiration  from  Egypt. 

Few  people  visiting  Florence,  Venice,  or  the  other  towns  of 
Northern  Italy  would  dream  of  connecting  the  Architecture  of 
(he  palaces  with  either  Greece  or  Rome.  Yet  all  European 
Architecture  is  derived  from  either  one  or  the  other,  or  from 
both,  and  much  of  it  is  influenced  by  the  architecture  of  the 
East. 

Greece  produced  her  finest  work  between  B.C.  480  and  B.C. 
4-iO,  and  reached  the  height  of  perfection  in  the  Parthenon, 
allowed  to  possess  the  most  perfect  proportion,  beauty  of  detail 
and  exquisite  refinement  of  the  arts  relating  to  architecture,  so 
that  it  stands  alone :  the  glory  of  Greece  and  a  reproach  to  the 
rest  of  the  world. 

When  the  Romans  afterwards  overran  and  plundered 
Greece,  they  carried  back  with  them  choice  works  of  art,  statues, 
pillars,  and  precious  marbles,  which  they  used  in  the  construc- 
tion of  their  public  buildings.  Greek  manners,  literature,  and 
art  became  the  fashion,  and  Greek  artists  flocked  to  Rome,  but 
in  the  endeavour  to  please  the  luxurious  and  corrupt  taste  of 
their  patrons,  soon  lost  their  purity  of  style,  and  their  buildings 
though  they  far  surpass  in  constructive  skill  anything  the 
world  had  seen,  could  not  be  considered  good  works  of  art; 
nevertheless,  they  were  designed  on  such  a  magnificent  scale 
and  with  a  grandeur  in  conception  that  the  remains  of  these  old 
Roman  buildings  to-day  strike  the  beholder  with  awe  and  admi- 
ration. From  the  Greeks  they  borrowed  the  column  and  lintel, 
and  from  the  Etruscans  the  semi-circular  arch,  and  soon  deve- 
loped the  Roman  style  of  Architecture.  One  style  grows  out  of 
another  so  gradually  that  it  is  impossible  to  say  exactly  where 
one  ends  or  the  other  begins. 

During  the  first  three  centuries  of  the  Christian  era,  Roman 
Architecture  reached  its  culminating  point,  and  after  the  time 
t)f  Constantine  a  gradual  change  took  place  which  eventually 
produced  the  early  Christian  and  Romanesque  styles  in  Western 
Europe. 

Wlien  Constantine  settled  at  Byzantium,  the  Roman  archi- 
tects who  followed  in  his  train,  brought  their  traditions  with 
them,  but  different  requirements,  climate,  and  customs  pro- 
duced chancres  in  the  style  of  buildini?,  and  we  have  the  great 
Church  of  St.  Sophia,  Constantinople,  erected  by  Justinian 
about  535,  said  to  be  the  finest  example  of  Byzantine  Architec- 
ture, and  perhaps  the  most  beautiful  of  all  domed  interiors.    I 
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only  know  it  from  photographs,  but  from  them  it  appears  to  he 
all  that  is  claimed  for  it. 

Here  the  (classic  orders  are  no  Icmger  preserved  in  the  con- 
strnrtion,  semi-circular  arches  spring  from  massive  square  piers,. 
and  support  the  glorious  dome  pierced  by  forty  windows,  arcades 
of  rich  marble  columns  with  carved  capitals  support  the  ural- 
leries.  Sculpture  is  almost  abandoned,  and  the  piers,  walls^ 
and  dome  are  covered  with  grand  decorative  work  in  gold  and 
coloured  mosaic,  the  forerunner  of  St.  Mark's  at  Venice. 

The  earliest  architecture  of  Venice  was  Christian  Soman^ 
but  onlj'  a  few  fragments  are  to  be  found,  for  Venice,  though 
founded  in  421,  was  only  selected  as  the  seat  of  Government  in 
809,  when  the  Ducal  residence  was  established  there. 

St.  Theodore  was  the  first  patron  saint  of  the  city,  and  a 
churcli  was  erected  in  his  honour  on  the  present  site  of  St. 
Mark's,  but  when  the  Venetians  brought  the  body  of  St.  Mark 
from  Alexandria  or  Cyprus  in  829,  they  made  him  their  patron 
saint,  using  his  emblem,  the  Li(m,  as  their  cognizance,  but  his 
body  was  consumed  in  a  fire  which  totally  destroyed  the  church 
in  976. 

Pietro  Orseolo  very  soon  after  began  the  existing  building 
of  St.  Mark's,  and  with  the  assistance  of  Byzantine  architects, 
the  work  was  carried  on  for  nearly  a  hundred  years.  The  walls 
and  domes  were  completed  in  1071  and  the  church  consecrated 
in  1085.  The  ground  plan  is  in  the  form  of  a  Greek  cross,  the 
arms  being  neaily  e(|ual,  with  a  dome  over  each  and  a  dome  over 
the  crossing.  There  are  aisles  to  the  nave  and  choir,  and  a 
larere  atrium  or  p(uch  round  three  sides  of  the  church,  one  being 
used  as  the  Baptistery.  The  portico  was  intended  for  the  use  of 
new  converts  and  the  unbaptised,  and  that  they  might  read  a 
lesson,  the  domed  ceiling  is  decorated  with  Byzantine  Mosaics 
representing  the  Fall  of  Man  and  other  important  subjects  tilt 
^le  time  of  Moses. 

The  great  bronze  doors  leading  into  the  nave  are  of  Byzan- 
tine  workmanship,  incised  and  decorated  with  niello  work,  and 
ar(»  worthy  of  the  place  of  honour,  entering,  the  glory  of  the 
interior  at  once  bursts  upon  you  and  you  feel  amazed,  bewildered 
at  the  wondrous  glory  of  the  scene. 

Th(»  building  is  lighted  by  arched  windows  all  round  the 
base^  of  the  domes,  and  by  others  high  up  in  the  walls,  and  they 
diffuse  a  soft  subdued  light  in  which  one  can  realise  the  whole 
grand  conception,  the  mystic  domes  resting  on  great  arches 
springing  from  massive  piers,  pierced  by  arches,  every  part 
glowing  with  gold  and  coloured  Mosaics  or  rich  marble;  and 
new  lights  and  beauties  revealed  as  you  move  from  place  te 
place.  In  the  spandrils  of  the  central  dome  are  the  four  Evan- 
gelists, each  with  his  name  above.  Betw(»en  the  windows  the 
figures  of  the  Apostles,  and  higher  up  still  in  the  dome,  flying 
angels  support  a  sphere  on  which  is  Christ,  and  in  all  the  domes 
there  is  the  figure  of  Christ,  in  the  utmost  height  of  them,  and 
so  through  all  the  church,  Christ,  Supreme ! 
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Supporting  the  galleries  are  priceless  marble  columns,  with 
exquisitely  carved  capitals  and  decorated  arches,  and  separating 
the  choir  from  the  nave  on  solid  plinth  a  screen  formed  by 
columns  with  well  carved  figures  of  the  Apostles ;  on  either  side 
ambones  or  pulpits  of  marble  and  jasper,  rich  veined  marbles  of 
many  colours  everywhere,  the  floor  of  marble,  serpentine  and 
porphyry  in  undulations  like  soft  swelling  waves.  St.  Sophia, 
Constantinople,  Ferguson  says,  has  such  a  floor,  and  it  is  on 
record  that  it  is  an  intentional  sjTnbolism,  but  having  walked 
on  that  of  St.  Mark's,  I  can  assure  you  it  is  not  one  to  be 
recommended. 

There  are  a  few  small  figures  on  brackets  and  altar  railings 
round  tlie  church  and  bas-reliefs  of  the  Virgin  built  into  the 
walls  with  softly  glowing  lamps  in  front. 

Time  will  not  permit  all  the  wonders  of  the  church  to  be 
described  :  the  altar,  with  its  shafts  of,  I  think,  onyx  that  you 
can  see  the  light  through,  its  arches,  the  wonderful "  pala  doro," 
only  shown  on  certain  feast  days :  the  treasury,  with  its 
jewelled  and  enamelled  cups  and  church  vessels,  and  many  other 
delightful  works  made  long  ago  in  the  days  when  men  loved 
these  things.  There  is  a  magnetism  about  St.  Mark's,  and  one 
is  continually  finding  oneself  straying  in  if  only  for  a  few 
minutes.  It  is  a  place  to  worship  in,  no  other  church  I  have 
seen  seems  so  religious  and  helpful  to  one's  inner  nature.  The 
church  is  neither  large  nor  high,  and  this,  I  think,  only  shews 
what  grandeur  may  be  obtained  by  the  lavish  use  of  glowing 
colour,  marble  and  precious  stones  in  the  hands  of  a  consummate 
artist. 

Can  we  not  take  a  lesson  from  St.  Mark's  and  make  our 
churches  glow  with  colour  and  rich  marbles,  "glorious  without 
and  beautiful  within,"  full  of  symbolism  and  deep  meaning,  and 
the  cross  over  all. 

The  best  way  to  approach  the  church  is  by  the  upper  end  of 
the  Piazza,  long  lines  of  arcades  with  elaborate  windows  and 
strong  lines  of  cornices  lead  the  eye  to  the  further  end  of  the 
square.  At  the  right  hand  comer  towered  up — alas!  lately 
fallen  down — a  great  Campanile  built  of  brick,  simple  and 
majestic,  finished  with  an  open  arcaded  belfry  and  pyramidal 
roof  crowned  with  the  gilt  figure  of  an  angel,  and  from  the 
( 'ampanile,  and  partly  concealed  by  it,  stretches  across  the 
Piazza  the  Churcli  of  St.  Mark.  In  front  of  it  rise  the  m^^ts 
from  which  floated  the  banners  of  the  old  Republic,  and  count- 
less numbers  of  doves  flutter  about  and  circle  in  clouds  over- 
head. As  one  walks  up  the  quiet  slab-laid  square,  the  fascina- 
tion of  this  strange  Eastern  dream  draws  you  on  with  its  facade 
of  deep  porches  and  arched  heads  glowing  with  colour  and  round 
the  walls  of  the  porches,  some  in  light,  and  some  in  shadow,  are 
manv  shafts  of  jasper  and  variegated  marble,  their  capitals 
lovely  with  interwoven  bands  of  flowers  and  foliage,  mystic 
signs,  and  the  Cross  everywhere;  and  above  these  yet  another 
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range  of  white  arclies  curved  up  into  great  ogee  shapes  with 
carved  crockets  like  the  foam  of  the  sea,  and  in  the  micist  of  all 
gleam  the  hronze  breasts  of  the  Greek  horses  brought  by  Doge 
Dandolo  from  the  East  in  1204,  and  towering  above  all  the  white 
domes  against  the  blue  sky,  all  lovely  in  the  sunlight  like  pearls. 
coral  and  opals.  What  a  contrast  this  is  to  our  sombre  English 
cathedrals ! 

The  Byzantine  palaces  of  Venice  have  mostly  disappeared, 
a  lower  storey  here  and  an  upper  one  there  only  remain  showing 
a  series  of  graceful  arcades  the  length  of  the  front.  The  Gothic 
palaces  we  all  know  and  admire  so  much  were  built  during  the 
latter  part  of  the  12th  and  ilie  I'iih  and  14th  centuries. 

They  are  generally  divided  into  three  or  four  stories  in 
height,  separated  by  moulded  string  courses,  the  entrance  is  by 
an  arched  doorwaj',  with  a  few  steps  up  from  the  water.  The 
second  stage  has  a  handsome  window  of  five  or  seven  lights,  with 
arched  head  carried  on  shafts  and  filled  in  with  tracery  and 
smaller  windows  of  similar  design,  sometimes  enclosed  by  a 
square  line  of  delicate  moulding.  The  third  stage  is  generally 
a  repeat  of  the  second,  only  less  ornate,  and  not  so  important. 
Many  had  parapets,  but  they  have  disappeared. 

The  richer  palaces  were  faced  with  marble  of  various 
colours,  and  many  had  the  plain  spaces  between  the  marble 
windows  plastered  and  decorated  with  coloured  ornament,  and 
discs  of  marble  and  serpentine  and  other  stones. 

One  feature  which  adds  such  beauty  to  the  A'enetian  palaces 
is  the  lavish  use  of  columns  to  all  window  openings,  they  give 
1  ichness,  light  and  shade.  In  no  other  city  are  balconies  seen 
in  such  perfecti(m  and  so  useful,  projecting  over  the  waters 
which  lap  the  foundation  of  the  palaces.  It  is  delightful  to 
stroll  out  and  enjoy  the  evening  air  after  a  sultry  day. 

Drifting  in  a  gondola  along  the  silent  streets  on  a  summer 
day  one  can  revel  in  the  beaut}*  and  colour  of  these  (dd  Gothic 
palaces  rising  up  out  of  the  sea,  ever  varying  with  the  graceful 
sweep  of  the  Grand  Canal. 

Adjoining  St.  Mark's  is  the  Doge's  Palace,  from  which  the 
other  palaces  derived  the  idea  of  the  traceried  windows.  It  is 
the  most  magnificent  in  Venice.  It  is  three  stages  in  height, 
the  two  lower  stories  consist  of  arcades,  and  were  erected  in  the 
12th  century,  the  lower  one  is  a  simple  arcade  of  pointed  arches, 
resting  upon  circular  ccdumns,  with  richly  carved  capitals,  the 
upper  arcade  has  double  the  number  of  arches  richly  moulded, 
with  circles  above,  cusped  and  carved  and  finished  on,  top  with 
carved  string  course.  Between  the  columns  there  is  a  balustrade 
of  small  shafts  and  arches  cut  out  of  the  coping.  The  upper 
^fag.^  supported  by  the  arcades  is  about  equal  to  the  united 
height  of  the  two  lower  stories,  and  is  a  plain  wall  faced  with 
a  diaper  of  delicate  rose-coloured  and  white  marbles,  broken 
by  a  few  large  arched  and  decorated  windows.  Rome  think  this 
building  would  look  better  upside  down,  and  there  can  be  no 
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doubt  the  original  designer  did  not  contemplate  the  upper  stage, 
but  there  it  is,  and  anyone  who  is  not  captivated  by  it«  unique 
effect,  beauty,  and  charming  colour,  must  indeed  be  difficult  to 
please.  The  lower  arcade  has  lost  much  beauty  by  the  raising 
of  the  pavement  of  the  Piazzetta  some  20  inches,  and  also  by  the 
disappearance  of  the  marble  decoration  in  the  spandrills  of  the 
arches. 

Before  leaving  the  Piazzetta,  notice  the  two  granite 
columns  with  their  bases  and  carved  Greek  capitals,  one  sur- 
mounted by  the  bronze  lion  of  St.  Mark,  and  the  other  by  the 
statue  of  St.  Theodore  on  a  crocodile.  The  shafts  were  brought 
to  A^enice  by  the  Doge  Michael  as  part  of  the  spoil  after  the 
conquest  of  Tyre  in  112G,  and  even  then  they  were  "  antiques." 
( )ne  shaft  is  more  slender  than  the  other,  but  the  great  spreading 
capitals  of  white  marble  are  designed  and  carved  so  subtlely  by 
the  twelfth  century  Greek  artist,  that  perfect  harmony  prevails, 
and  there  they  have  stood  more  than  seven  hundred  years,  per- 
haps the  two  most  beautiful  columns  in  existence. 

In  all  A'eni(»e  you  will  not  find  one  single  tower  or  palace 
built  for  defence;  surrounded  as  she  is  by  shallow  lagoons,  no 
foe  could  attack  her,  and  to  this  fortunate  circumstance  and  her 
constant  trade  and  intercourse  with  the  East  we  can  attribute 
the  light,  elegant  and  rich  architecture  and  love  of  colour  so 
delightful  in  the  strong  sunlight  under  a  blue  sky;  no  other 
European  people  so  clearly  caught  the  true  feeling  and  passion 
for  <*oh)ur  from  the  East  and  made  it  part  of  themselves. 

When  A^enice  was  building  her  fairy-like  palaces,  other 
Italian  cities  were  erecting  frowning  fortresses  and  towers  in 
their  streets,  from  which  they  carried  on  war  over  the  heads  of 
the  peaceful  citizens.  Yet  Florence,  Pisa,  Verona,  and  Siena 
were  buildiucr  their  splendid  churches  through  all  the  trouble- 
some times. 

Wandering  down  the  winding  A^ia  Cavour  in  Siena,  and 
turning  under  an  archway,  at  ojice  bursts  upon  the  view  the 
Tower  of  Magnia,  soaring  up  into  the  blue  sky,  wonderful, 
incomparable,  this  living  exquisite  shaft,  truly  **a  thing  of 
beauty  and  a  joy  forever,"  yet  it  is  only  a  plain  square  brick  shaft 
with  stone  projec'ting  battlements  adorned  with  coats  of  arms 
and  crowned  with  an  open  belfry ;  the  shaft  has  holes  left  in  it 
at  regular  intervals  for  fixing  scaffolding  round  it,  in  which  the 
doves  now  make  their  home. 

Here  we  have  a  plain  brick  tower  begun  early  in  the  14th 
century,  which,  owing  to  its  great  daring  and  skill  in  propor- 
tion, makes  your  heart  beat  quickly  when  you  suddenly  come 
upon  it  unawares.  No  Mosaics  or  carving  here  to  catch  your 
fancy,  only  simplicity,  form,  the  symbol  of  freedom,  towering 
up  into  the  sky.  Rather  a  contrast  to  St.  Mark's,  which  is  all 
colour,  and  little  study  of  proportion  or  architectural  forms,  yet 
we  are  ready  to  fall  down  and  worship  it  also. 

From  this  I  think  it  is  clear  that  architecture  may  appeal 
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to  you  from  two  causes,  colour  and  form ;  the  latter  responds  to 
the  purer  and  finer  fibre  of  one's  nature,  and  to  the  people  who 
live  in  temperate  climes.  On  the  other  hand  rich  harmonious 
colour  carries  one  awaj'  with  a  rush,  it  appeals  to  our  more  sen- 
suous nature  like  weird  or  sad  chords  in  music.  If  we  had  to 
own  up,  I  think  the  ^reat  majority  of  us  would  ffo  for  colour. 

The  modern  architect  seldom  has  the  opportunity  of  cover- 
ing his  buildings  with  permanent  decoration,  so  it  is  all  the  more 
essential  tliat  form  should  be  his  chief  aim  :  in  form  are  included 
light  and  shade,  great  factors  in  successful  architecture,  but 
difti("ult  to  obtain  in  proper  proportion  in  these  days  of  small 
rooms  requiring  almost  e(jual  spacing  of  openings.  Nothing  is 
more  deadly  to  the  feeling  of  beauty  than  the  dull  monotony  of 
repeating  uninteresting  features,  but  repeat  the  arches  in  the 
I)og(»'s  Pahice,  and  you  have  beauty  to  your  heart's  content. 

Form  readies  its  highest  development  in  the  human  figure 
idealized  by  the  (jreeks  in  the  siat\u»s  happily  saved  from  the 
general  wreck,  which  now  adorn  the  museums  of  Europe. 

Who  has  not  been  lost  in  wcmder  when  after  a  storm  the 
rain  clouds  roll  up  the  mountain  side,  and  are  tinted  by  the 
evening  sun  with  orange  and  purple,  or  the  burning  gold  and 
blood  red  (»f  the  distant  horizon,  with  all  the  many  varying 
shades  of  colour.  Let  us  study  these  wonders  in  colour  and 
form  that  nature  reveals  to  us,  for  that  way  lies  perfection. 


37.-  DOMESTIC  ARCHITECTURE. 

By  E.  W.  Slopku. 

(Plates  XXXn.     XXXVI.) 

No  better  means  of  approacliiii^  my  subject  occurs  to  me 
tlian  to  try  and  say  sometliing  of  the  principal  considerations 
tliat  arise  in  the  process  of  house  building. 

The  sum  to  be  spent  is  determined,  the  site  chosen,  and 
tlien  it  falls  to  the  architect  to  consider  wliat  kind  of  a  house 
will  best  meet  the  special  circumstances  of  any  one  case.  In 
this  connection,  no  considerations  arc  more  important  than 
those  imposed  by  the  conditions  of  sile.  Amongst  these  must, 
•of  course,  always  be  included  those  of  aspect  and  prospect,  but 
to  such  it  is  hardly  necessary  to  refer,  as  no  arcliitect  can  alford 
to  leave  tliem  out.  1  am  thinking  now  of  the  broader,  and, 
perhaps,  less  definite  considerations  imposed  by  country, 
climate,  and  i\w  character  of  surroundings.  These,  it  seems  to 
me,  sliould  cany  weight  second  to  no  others,  if  the  house  itself 
is  to  be  pleasant  and  harmonious. 

THK    IXFLIKXCK    OF    COrXTKY,    (IJMATE,    AM)    SITK    I  TOX    DKSIGX. 

I  propose  to  call  attention  to  some  actual  examples  which 
I  hope  may  appeal  to  the  members  of  this  Associatitm,  as  they 
do  to  me,  as  being  pleasant  examples  of  domestic  architecture, 
possessing  each  a  character  of  its  own,  traceable,  as  I  think, 
laigelv  to  tlie  influences  I   liave  referred  to. 

The  illustrations  I  have  placed  upon  the  walls  are,  I  may 
say,  almost  exclusively  of  modern  woik.* 

I  have  thus  restricted  my  selection  because  whilst  the  pic- 
turesqueness  and  suitability  of  old  work  as  to  externals  are 
generally  ackno\yledged,  it  is  sometimes  objected  that  such 
places  did  all  very  well  for  our  forefathers  of  a  dozen  genera- 
tions back,  but  no  rational  person  could  now  put  up  with  the 
inconveniences  they  entail. 

It  is  for  us  architects  to  show  that  whatever  seeming 
antagonism  there  may  be  between  comfort  and  beauty,  it  is 
seeming  only,  and  can«  always  be  reconciled. 

I  am  referring  particularly  to  the  work  of  two  or  three 
architects  simply  because  I  have  chosen  the  readiest  means  at 
my  disposal  to  illustrate  my  points,  and  because  it  seemed  to 
me  that  these  might  possibly  gain  in  precision  by  sucli  a  restric- 
tion. 

The  first  group  of  illustrations  is  of  reproductions  of  photo- 
graphs of  houses  designed  by  Mr.  Edwin  Lutyens,  which  I  have 
chosen  as  characteristically  English.  (See  PI.  XXXIV.)  The 
second  group  are  sketches  of  lumses  from  the  designs  of  Mr. 
Lorrimer,   of   Edinburgh,  chosen   as  characteristically   Scotch, 

*  Note.— Of  the  illustrations  exhibited  it  has  been  found  possible  to  pul)li.sh 

three  only. 
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fluenres  which  the  development  of  the  immediate  surroundings 
of  a  house  are  properly  relied  upon  to  supply,  time  is  essential. 
I  ask  you  to  remember  this,  because  it  is  admittedly  a  prin- 
ciple of  first  importance  (I  shall  refer  to  it  again  later),  and  it 
is  one  which  we  are  often  tempted  to  forget  in  the  desire  to 
obtain  picturesque  effects  witliout  its  aid. 

THE    VALVE   OF    SIMPLE   HOOFS    AXI)    WELL-PLACED    CIIIMXEYS. 

The  revolt  against  the  deadly  dullness  of  the  very  late 
Georgian  domestic  architecture  in  England  led  to  an  opposite 
extreme  of  admiration  for  this  quality  of  picturesqueness  in 
building.  Tlie  extravagance  became  general,  and  the  ill 
effects  of  it  are  felt  in  all  the  Western  countries  of  Europe 
to-day,  and  in  such  a  country  as  this  of  our  own,  which  is 
dependent  upon  traditions  received  from  them. 

Perhaps  this  extravagance  is  nowhere  more  viciously  in- 
dulged than  in  tlie  treatment  of  the  roof.  I  liave  placed  upon 
the  table  a  book  containing  reproductions  of  photographs  of 
English  cottages.  Any  who  have  time  to  look  at  them  will,  I 
think,  agree  that  they  are  attractive  examples  of  what  is  known 
as  the  "  picturesque  "  in  architecture.  Yet  examination  will 
show  that  the  roofs  are  in  all  cases  exceedingly  simple  and 
direct;  in  fact,  a  critical  examination  by  those  who  have  le- 
ceived  training  as  architects  must  prove  that  not  only  the 
builders  of  such  houses  did  not  try  to  break  up  the  natural, 
simple  lines  of  their  roofs,  but  that  by  the  grouping  of  chimney 
flues' and  the  avoidance  of  windows  in  the  roof,  they  did  all  in 
their  power  to  preserve  a  maximum  of  unbroken  roof  surface. 
It  is  this  simplicity  of  roofing,  perhaps,  more  than  anything 
else,  which  in  domestic  architecture  gives  the  effect  of  Resi ful- 
ness; a  quality  which  many  of  you  will  remember  Ruskin 
insists  upon  as  of  the  highest  importance  in  architecture  gener- 
ally. Such  roofs,  however,  cannot  be  pleasing  unless  covered 
with  pleasing  material;  and  it  has  been  one  of  the  great 
stumbling  blocks  to  good  domestic  building  in  this  country, 
that  there  has  been  for  this  purpose  such  compulsion  to  the  use 
of  iron.  Time  is  gradually  correcting  this.  Tiles  and  shingle 
are  already  available,  and  we  hear  of  slate  becoming  so.  But 
for  years  to  come  the  use  of  iron  must  in  many  cases  prove  a 
necessity. 

In  such  it  seems  to  me  to  be  a  good  principle  to  try  and 
make  the  roof  as  subordinate  as  possible  to  the  general  desijrn, 
and  to  rely  upon  a  widely  projecting  eaves — a  feature  to  which 
iron  readily  lends  itself.  Such  an  eaves  will  invite  the  pleasing 
adjunct  of  a  supporting  cornice,  and  in  any  case  will  throw  a 
most  grateful  shadow  and  afford  a  very  real  protection  to  the 

walls. 

There  is  one  other  point  in  connection  with  external  effect 
to  which  I  should  like  to  call  attention  in  passing.  That  is, 
the  importance  of  well  designed  and  well  placed  chimneys. 
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An  illustration  is  a  good  example  of  this,  and  I  may  ag^in 
refer  to  the  book  of  cottages;  in  whioh  it  will  be  seen  that  the 
builders  of  many  of  the  examples  therein  contained  seem  to 
have  concentrated  their  best  powers  of  design  upon  this  feature. 
Xote,  too,  how  in  Mr.  Lutyens'  work  the  chimney  is  made  use 
of  to  offer  effective  contrast  to  the  low  lines  of  his  roofs.    (Plate.) 

I  must  not  take  up  more  of  your  time  in  contemplating 
externals,  but  ask  you  to  pass  on  to  some  thoughts  about  the 
inteiiors  of  our  houses. 

THE  n.VNKFlL  IXFLUENCK  VVOS  HOUSE  TLAXXIXG  OF  SOME  MODERN 

COXVEXTIOXS. 

There  are  Certain  general  considerations  of  planning  so 
well  understood  that  they  need  not  detain  us.  No  one  pur- 
chases a  site  possessing  a  good  view  without  seeing  to  it  that 
the  outlook  from  the  principal  rooms  shall  reap  the  advantage 
of  it.  Such  considerations,  too,  as  the  desirability  of  avoiding 
the  western  sun  and  obtaining  the  morning  sun  are  well  known. 
I  prefer  to  call  attention  to  others  which,  as  it  seems  to  me,  are 
more  frequently  neglected. 

Perhaps  one  of  the  most  important  of  these  is  the  danger 
to  fail  to  make  the  most  of  our  opportunities  by  too  ready  sub- 
mission to  conventions.  This  is  especially  so  in  the  case  of 
small  houses.  The  idea,  for  instance,  that  every  room,  however 
small,  must  be  at  least  10  fo  12  feet  high  to  ensure  proper 
ventilation,  is  especially,  I  think,  a  pernicious  one.  Nothing 
is  more  generally  destructive  of  the  modest  repose  which  is  the 
chief  charm  of  a  well-designed  cottage  than  misplaced  and 
unnecessary  height.  In  such  buildings  economv  of  cost  is  in 
99  cases  out  of  100  of  first  importance;  and  we  should  recollect 
that  to  decrease  the  height  to  a  minimum  of  reasonable  neces- 
sity is  to  permit  the  extension  of  accommodation  to  a  maximum 
of  floor  space. 

It  is  not  the  low  ceiling  which  is  the  general  cause  of 
**  stuffy  ''  rooms,  but  the  failure  to  provide  windows  in  more 
than  one  wall  of  a  room  or  to  take  other  steps  to  ensure  cross 
ventilation.  If  we  are  to  have  cool,  fresh  rooms  in  the  warm 
months  of  the  year  the  need  of  cross  ventilation  is  a  pressing 
one,  and  we  shall  find  that  if  it  be  attended  to,  we  can  dispense 
with  the  disproportionately  large  windows  which  are  always 
destructive  to  good  cf)ttage  architecture,  and  which,  in  this 
briglitly-lit  land,  are  sometimes,  even  in  large  houses,  very 
objectionable. 

It  may  be  that  we  should  wish  in  a  particular  case  to  take 
full  advantage  of  a  fine  view  from  a  particular  room.  If  so 
we  should,  I  think,  do  well  to  arrange  the  large  windows  that 
become  necessaiy  undor  the  grateful  shade  of  a  stoep. 

Another  convention  with  which  we  are  frequently  tram- 
meled is  that  which  prompts  us  not  to  have  our  front  door 
entering  directly  into  a  room.     In  the  case  of  large  houses  that 
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is  only  reasonable.  But  in  quite  small  houses,  and  especially  in 
this  country,  where  nine  months  of  the  year  are  warm,  what 
good  reason  is  there  to  give  way  to  it? 

In  such  little  houses  as  we  are  just  now  considering,  num- 
bers of  which  are,  of  course,  not  designed  by  architects,  much 
more  than  three  feet  in  width  is  seldom  allowed  for  an  entrance 
passage.  This  is  generally  totally  inadequately  lit  and  venti- 
lated through  the  front  door,  so  that  both  by  reason  of  the  re- 
stricted space  and  prevailing  gloom  it  is  difficult  to  reach  either 
of  the  little  rooms,  which  we  know  await  us  to  right  and  left, 
without  collision  with  the  umbrella  stand.  Tlie  gain 
is  great  if  this  entrance  passage  be  thrown  into  one 
of  the  rooms,  which  then  becomes  a  pleasant  apart- 
ment, offering  a  comfortable  spaciousness  to  its  occu- 
pant and  a  cheery  welcome  to  his  visitors.  A  resulting 
difficulty  in  arranging  the  staircase  need  not  be  feared.  A  cur- 
tained arch  can  here  be  made  a  sufficient  partition,  and  this  is 
what  has  been  arranged  in  a  plan,  to  which  I  may  be  permitted 
to  call  your  attention.  In  this  plan  a  bookcase,  it  may  be 
noticed,  has  been  arranged  behind  the  front  door  in  ordei*  to 
screen  the  first  entry  of  a  new  arrival,  and  by  intercepting 
draughts  to  lend  cosiness  to  the  room. 

I  am  well  aware  that  objections  can  be  urged  to  such  an 
arrangement,  but  do  not  the  material  benefits  altogether  out- 
weigh them? 

SOME   SUGGESTED   REVIVALS    IX  HOUSE   PLANNING. 

In  larger  houses  the  revival  of  the  use  of  the  hall  as  a 
living  room  has  become  very  general. 

The  Elizabethan  plan  adopted  also  in  the  old  Dutch  houses 
at  the  Cape  of  screening  such  a  hall  from  the  entrance  lobby 
by  means  of  a  decorative  wooden  screen  is  one  well  suited  for 
adaption  here.  If  the  house  be  sufficiently  large  to  allow  such 
a  hall  to  embrace  the  height  of  two  lesser  apartments,  a  fine 
room  should  result. 

Might  we  not  consider  the  revival  of  another  mediaeval 
feature  of  house  planning  as  appropriate  to  this  country,  viz., 
that  of  the  internal  courtyard  r  Some  illustrations  show  how 
fascinating  this  feature  can  be. 

CONSTRUCTIVE  TRETTINESS. 

Individual  wants  differ  very  considerably  in  a  house  plan, 
and  have  always  to  be  taken  into  account.  I  do  not  propose 
to  enter  into  any  detailed  consideration  of  them,  but  may  I  say 
a  word  in  criticism  of  one  general  tendency  of  a  very  great 
deal  of  modern  domestic  architecture?  A  tendency  to  con- 
struct ivc  prettincss,  which  is  perhaps  specially  noticeable  in 
interior  work. 

We  all  know  the  fireplace  and  overmantel  sprinkled  all 
over  with  shelves  and  nooklets  innumerable — the  queer  angular 
recesses  which  do  duty  as  cosy  corners — the  fretted  woodwork 
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screens  which  take  the  place  of  the  simple,  straightforward 
arch — these  and  siichliTce  are,  I  venture  to  think,  not  com- 
mendable. 

TIIK  VALUE  OF  PUOrOHTION. 

Architects  soon  learn  in  practice  that  it  is  an  error  to 
Ihink  that  the  more  nooks  and  corners  we  arrange  in  our  rooms 
the  cosier  they  will  be.  What  is  of  first  importance  in  their 
design,  as  in  all  archiiccture,  is  good  proportion,  i.e.,  the  i*ela- 
tion  of  Iciigtli  to  breadth,  of  height  to  both,  and  the  due  sub- 
ordinati(m  of  lesser  parts  to  the  main  body.  Of  course,  the  exi- 
gencies of  liouse  planning  do  not  permit  the  observance  of  any 
strict  rules  of  proportion.  Ihit  the  discerning  architect  will 
always  bear  their  consideration  in  myid,  and,  by  expedients 
which  experience  suggests,  seek  to  mitigate  the  faults  in  pro- 
portion which  he  cannot  avoid. 

Of  such  faults  the  most  general  and  difficult  to  prevent  in 
the  design  of  houses  is  an  excess  of  width  to  length  in  the 
dimensions  of  a  room.  The  limiting  dimensions  of  a  billianl 
room,  for  instance,  24  ft.  by  18  ft.,  do  not  give  a  satisfactory 
proportion,  and  man}'  will  have  noticed  how  much  more  pleas- 
ing is  the  result  if,  retaining  the  limiting  width,  the  corre- 
sponding length  is  increased  b}'  several  feet.  In  such  a  case 
we  are  often  tied.  IJut  in  other  cases  we  have,  I  think,  ^ome 
to  believe  that  a  widtli  is  necessary  which  can,  in  fact,  be  quite 
easily  reduced. 

it  is  often  said  that  a  dining-room  must  not  be  less  than 
14  ft.  in  widtli.  In  a  large  house  it  may  be  advisable  to  make 
it  wider.  lh\i  in  a  room  in  which  it  is  unlikelv  that  more 
than  six  or  eight  people  will  sit  down  to  dine,  this  dimension 
can  be  quite  comfortably  reduced  by  as  much  as  2  ft.  Care 
only  is  needed  to  provide  space  for  the  sideboard  at  the  end  of 
the  room,  to  avoid  a  projecting  fireplace  in  the  side  of  the  room, 
and  to  select  a  narrow  dining  table.  It  is  extremely  likely 
that  the  (economies  of  building  which  have  led  to  the  general 
adoption  of  internal  projecting  chimney  breasts  have  given  rise 
to  such  a  prejudice.  For  it  will  be  found  that  many  dining- 
rooms  which  are  said  to  be  14  ft.  in  width  have  in  fact  an  avail- 
able width  of  only  12  ft.  6  in.,  by  reason  of  the  projecting 
chimney  breast. 

Ihit  I  must  not  be  led  into  too  many  technicalities.  I  will 
only  repeat  that  if  w(»  are  to  have  restful  and  satisfying  homes 
this  (|uestion  of  proportion  must  never  be  out  of  the  designer's 
mind,  and  when  in  response  to  it  he  has  done  the  best  he  can 
for  the  general  shapes  of  the  rof)ms  he  must  be  careful  to  see 
that  such  adjuncts  as  baj'  windows  and  fireplace  recesses  are 
rightly  related  and  subordinated  to  them. 

FirriXliS   AM)   FUKXITURE. 

A  less  important  consideration,  but  one  which  is  more 
generally  appreciated,  is  the  desirability  of  having  such  fit- 
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meuts  as  bookshelves,  window  seats,  china  cabinets,  dining- 
room  sideboards,  or  dressers,  etc.,  designed  with  the  rooms  to 
which  they  belong  and  built  into  recesses  provided  for  them. 
No  doubt  such  provisions  add  considerably  to  the  initial  cost  of 
a  house.  But  this  is  fully  compensated  by  a  corresponding 
saving  in  the  expenditure  upon  movable  furniture,  and  I  think 
that  some  examples  of  rooms  so  fitted  which  I  am  able  to  illus- 
trate will  show  that  *'  the  game  is  worth  the  candle.'* 

I  must  content  myself  with  a  sentence  about  furnishing. 

It  is  never  easy  to  furnish  well.  In  a  country  such  as 
this  where  the  selection  is  so  limited  it  is  very  difficult.  But 
we  should  always  try  to  have  our  furniture  in  correspondence 
with  our  house,  and  if  this  happens  to  be  a  small  one  with  an 
iron  (or  say  thatched)  roof,  it  is  as  well  to  avoid  the  elegancies 
of  the  late  French  styles,  which  were  the  product  of  a  luxurious 
and  thoughtlessly  extravagant  Court.  I  have  exhibited  a  few 
illustiations  of  well-furnished  rooms  —some  in  the  **  grand 
manner,"  some  in  cottage  style-  all  good  of  their  kind,  and 
for  tlie  examination  of  those  interested. 

THE   SETTIXt;   AND   GAKDEN. 

Lastly,  let  me  say  a  few  words  about  the  im- 
portance  of  the  **  setting "  of  a  house.  If  the  general 
pictorial  effect  of  a  house  is  to  be  satisfactory,  it  is 
essential  that  at  least  that  portion  of  the  garden  having 
intimate  relation  with  the  house  should  be  designed  in  con- 
junction with  it.  It  is  very  usual  to  think  that  this  is  not  a 
portion  of  an.  architect's  work:  I  venture  to  say  that  no  archi- 
tect who  is  an  artist  will  be  satisfied  to  leave  it  to  another. 
The  School  of  Landscape  Gardeners,  which  flourished  a  decade 
or  so  ago,  have,  as  far  as  the  planning  of  gardens  go,  had  their 
■day.  They  were  and  are  admirable  horticulturalists ;  but  their 
attempts  to  imitate  nature,  and  their  dislike  of  a  straight  walk, 
were  contrarv  to  the  established  taste  of  centuries,  and  as  un- 
reasonable  as  it  would  be  to  attempt  to  build  a  wall  like  the 
face  of  a  cliff. 

This  has  been  a  much-fought  question.  It  would  need  a 
paper  upon  this  subject  alone  to  go  over  the  field  of  battle  again. 
All  who  make  any  study  of  contemporary  building  papers 
must  have  noticed  that  the  majority  of  country  houses  in  Eng- 
land at  the  present  day  having  pretensions  to  really  good 
<lesign  have  gardens  in  conjunction  which  are  laid  out  either  by 
tlie  architect  of  the  house  itself  or  by  some  other  architect  who 
has  won  special  repute  in  this  particular  work. 

Any  who  may  have  a  house  to  build  upon  a  small  plot  of 
ground  I  would  especially  beg  to  consider  this  question  of 
appropriate  setting.  Apart  from  all  consideration  of  effect,  it 
18  really  astonishing  how  great  an  economy  in  the  utilising  of 
ground  can  be  effected  if  every  part  of  it  is  properly  appor- 
tioned in  relation  to  the  house,  and  the  actual  site  of  the  house 


464  Keport— 1904. 

not  finally  determined  until  this  lias  been  done.  Here  again 
I  must  not  be  tempted  to  enter  into  detail,  muck  as  I  should 
like  to  do  so.  But  as  in  tlie  other  divisions  of  my  subject  I 
have  ventured  to  attack  some  convention  or  other  which  has 
seemed  to  me  to  lack  good  excuse  for  its  acceptance,  so,  with 
your  permission,  will  I  liere.  We  all  of  us,  probably,  like  to 
catcli  the  sound  of  the  gravel  cracking  under  the  wheels  of  our 
visitors'  carriages  as  they  bowl  up  to  our  front  doors.  Do  we 
not,  some  of  us  who  build  upon  small  plots  of  ground,  sacrifice 
too  mucli  for  this  satisfaction?  Have  we  not  all  seen  the 
approach  drive  which  has  left  so  little  space  for  a  garden  that 
the  poor  little  flowers  have  to  stand  in  corners  like  punished 
chihlrcn,  or  crowd  into  one  forlorn  little  heap,  surrounded  by  a 
sea  of  unsympathising  gravel  ?  Is  it  not  l)etter  to  run  the 
gauntlet  of  an  occasional  storm  that  we  may  enter  a  wicket  gate 
linked  to  the  front  door  by  an  avenue  of  dancing  flowers  or  by 
a  pergola  **  hung  about  with  trellised  vine"? 


EXri^\X.\T10N    OF    PLATES    XXXIV. XXXVI. 

Plate  XXXIV.— An  English  House.  Mr.  Kdwin  Lutven.s  Architect. 
Plate  XXXV.— A  Cup  Town  House,  Mr.  Herbert  Baker,  Architect. 
Plate  XXXVI.— A   Hou.se  for  a    Jolmnnesburg    Kopje,    Mr.  Herbert   Baker, 

Ai"chitect. 


38.— LIGHTNING   ARRESTERS   FOR   ELECTRIC^ 

TRANSMISSION   LINES. 

By  L.  Wilms,  M.Ixst.C.E.,  M.I.E.E. 

(Plate  XXXVII.) 

The  Transvaal,  and  especially  the  Hand,  is  well  known  for 
its  severe  thunderstorms.  Jlvery  summer  we  hear  of  damage 
done  to  life  and  property.  The  severity  of  the  storms  in  this 
district  is  mainly  duo  to  the  dry  condition  of  the  air  requiring 
a  higher  difference  of  potential  between  the  clouds  and  earth  to 
break  through  the  high  air  resistance,  than  when  the  atmo- 
sphere is  in  a  more  humid  state,  as  experienced  in  the  home 
country.  This  is  clearly  noticeable  in  the  so-called  dry  thunder- 
storms, in  which  far  more  damage  is  done  than  when  the  ten- 
sion is  partly  relieved  bj'  torrents  of  rain  pouring  down. 

A  large  amount  of  electrical  work  has  been  put  down  on 
these  fields,  and  it  is  there  where  the  effects  of  the  severe  storms 
make  themselves  so  badly  felt,  as  testified  by  the  large  number 
of  armature  and  transformer  repairs  in  the  summer  months. 

Buildings,  chimneys,  bridges,  ships,  etc.,  require  only  pro- 
tection against  the  direct  effects,  when  being  struck  by  forked 
lightning,  the  indirect  eft'ects  due  to  induction  or  redistribution 
of  electrical  potential  not  calling  for  any  safeguard  whatsoever, 
as  these  eft'ects  arc  so  slight  that  they  do  not  endanger  property 
or  life. 

The  overhead  wire  circuits  of  electric  power  plants,  on  the 
other  hand,  are  very  susceptible  to  these  secondary  effects,  and 
it  requires  careful  arrangement  of  apparatus  to  protect  dyna- 
mos, motors,  transformers,  etc.,  against  these  effects. 

It  very  seldom  happens  that  a  line  is  struck  direct,  but  if 
so  the  heavy  discharge  generally  breaks  down  the  nearest  insula- 
t(ns  and  goes  to  earth  over  the  iron  line  poles,  only  a  part  of  the 
charge  following  the  wires  to  their  destination,  there  being 
dealt  with  by  lightning  arresters  of  an  efficient  tjpe,  or  finding 
its  way  to  earth  over  other  parts  of  the  plant  and  causing  break- 
down of  same. 

Besides  the  main  flash  there  is  often  a  number  of  side  dis- 
charges within  a  cinde  of  about  50  yards  going  to  earth  simul- 
taneously. Overhead  lines  are  often  struck  by  these  side  dis- 
charges, and  although  seldom  dangerous  to  life,  the  voltage  is 
always  sufficient  to  break  down  any  weak  points  of  insulation 
unless  proper  arrangements  are  made  to  allow  of  a  harmless 
discharge  to  earth. 

In  every  thunderstorm  the  circuits  are  affected  more  or  less 
by  the  inductive  effects  of  lightning  flashes  due  to  the  disrup- 
tive discharges  from  cloud  to  earth  or  from  cloud  to  cloud 
setting  up  strong  magnetic  fields,  rising  and  falling  in  strength 
in  a  very  short  period  of  time,  and  thereby  inducing  E.M.F.'s 
of  hicrh  voltage  in  the  surounding  circuits. 

Then  we  also  have  disturbances  in  the  wires  due  to  electro- 
static induction.    During  a  storm  the  air  can  be  regarded  as  a 
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dielectric  under  strain.  The  clouds  above  ai*e  generally  posi- 
tive and  the  earth  negative.  When  a  discharge  from  abo^'O 
takes  place,  the  point  struck  by  lightning  and  the  immediate 
surroundings  alter  their  potential,  due  to  the  sudden  charging 
with  electricity  of  the  opposite  sign.  This  is  at  one  equalised 
again  by  small  currents  of  high  voltage  passing  throujs^h  the 
earth,  and  especially  along  circuits  and  pipes  of  lower  resistance. 
These  currents  at  the  time  endanger  the  insulation  of  the 
affected  lines. 

lloisting  ropes,  battery  plates,  rails,  railings,  etc.,  become 
electrified  in  a  similar  manner  bj'  electro-static  induction  dur- 
ing a  disruptive  discharge  through  the  air. 

The  writer  has  himself  noticed  heavy  arcing  across  the 
joints  of  a  light  railway  line  during  a  discharge  of  lightning. 
The  flash  went  to  eartli  at  least  one-quarter  of  a  mile  away 
from  where  the  writer  was  standing. 

This  redistribution  of  potential  is  often  made  very  appa- 
rent by  the  phenomena  of  sparking  between  the  platinum  wires 
of  switched-oiV  incandescent  lamps,  or  between  the  points  in 
wall  plugs,  etc.,  during  thunderstorms.  The  switches  for  this 
class  of  apparatus  are  generally  single  pole,  so  one  terminal  of 
the  lamp  or  plug  is  ccmnected  to  a  mile  or  more  of  overhead 
wire  and  the  other  terminal  to  perhaps  ten  yards  of  insulated 
wire  under  roof  l)etween  lamp  (or  plug)  and  switch.  During  a 
<lisruptive  discharge  in  the  air  there  is  a  sudden  increase  of 
potential  in  the  outside  line  as  against  the  short  wire  on  the 
other  side  of  lamp  or  plug;  which  charge  redistributes  itself  by 
sparking  across  the  lamp  terminals,  and  perhaps  from  there 
breaking  across  the  switch  air-gap  to  other  parts  of  the  supply 
circuit. 

If  the  discharge  were  of  a  lower  voltage  and  longer  dura- 
tion the  lamp  filament  would  be  sufficient  to  take  the  equalising 
current,  but  it  is  characteristic  of  these  static  or  inductive  high 
potential  discharges,  as  it  were,  preferring  to  break  across  a 
quarter  of  an  inch  of  space  instead  of  passing  through  the  lamp 
with  its  very  slight  self-induction  formed  by  one  or  two  wind- 
ings of  filaments.  Probably  a  small  amount  of  current  passes 
through  the  lamp  at  the  same  time.  Sometimes  the  lamp  fila- 
inent  is  broken  down  ;  at  other  times,  again,  the  lamp  is  found 
intact  after  th(»  discharge  has  taken  place. 

These  electro-nuignetic  or  electro-static  effects  are  fre- 
quently increased  by  a  quick  repetiticm  of  flashes  along  exactly 
the  same  path  through  the  air,  between  clouds  and  earth.  Such 
successive  flashes  follow  the  same  zig-zags  through  space  as 
ma<le  by  the  first  discharge.  This  is  due  to  the  old  path  of 
heated  air  forming  a  line  of  lower  resistance  for  the  following 
discharges,  which  in  an  infinitely  small  space  of  time  have 
acquired  a  sufficiently  high  potential  from  the  reserves  of  atmo- 
spherir    electricity   still    left    in    the    cloud,   to    overcome    the 
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luomentary  low  resistance  of  the  air,  this  all  taking  place  in 
such,  a  short  space  of  time  that  the  spectator  thinks  he  has  seen 
only  one  flash. 

The  above  theory  is  proved  by  large  numbers  of  lightning 
flash  photos,  showing  bailds  side  by  side  following  the  same 
zig-zags.  In  the  Transvaal  the  writer  has  often  been  able  to 
discern  a  repetition  of  flashes  with  the  naked  eye. 

I'urther,  overhead  lines  become  charged  hours  in  advance, 
when  a  storm  is  approaching,  especially  where  the  wires  pass 
over  treeless  ridges  and  down  again  into  low-lying  parts  of  the 
district.  This  silent  charging  of  the  circuits  is  assisted  by  good 
insulation  of  system,  the  whole  forming  the  one  foil  of  a  con- 
denser, earth  being  the  other  foil,  with  air  and  insulators  as  a 
dielectric. 

Every  now  and  again,  when  the  circuits  are  in  this  condi- 
tion, the  increase  of  potential  manifests  itself  bv  sparking  be- 
tween wires  or  apparatus  and  parts  cojniected  to  earth,  these 
discharges  often  breaking  tlirough  two  or  three  inches  of  air 
to  get  to  earth. 

B(»fore  discussing  the  means  of  protecting  lines  and  appa- 
ratus, attention  must  be  drawn  to  anotlier  source  of  danger  to 
the  insulation  of  circuits  and  apparatus — viz.,  electric  surgings 
in  cables  or  lines  caused  by  sudden  switching  on  or  off  of  cables 
and  transformers.  This  phenomena  is  strongest  in  circuits 
with  high  self-induction  and  capacity,  such  as  circuits  supply- 
ing induction  motors  or  tianslormers  through  long  under- 
ground cables  or  through  overhead  lines  covering  large  dis- 
tances. 

The  E.M.F.  of  such  oscillations  may  reach  a  value  of  three 
or  more  times  the  actual  working  pressure,  so  that  circuits  of 
above-mentioned  description  undergo  a  similar  risk  of  being 
subject  to  breakdowns  in  cables  and  apparatus,  due  to  electric 
surgings,  as  when  affected  by  lightning. 

Cases  of  overhead  lines  being  struck  direct  by  lightning 
are  very  rare,  the  secondary  effects  making  themselves  more  felt 
on  account  of  their  frequency.  If  overhead  lines,  transformers, 
motors,  etc.,  are  not  connected  with  the  supply  station  during 
storms,  the  sparking  over  in  lines  and  apparatus  as  a  rule  does 
not  interfere  with  the  future  working  of  plant,  as  these  dis- 
charges are  crenerally  of  a  very  small  amperage,  leaving  only 
slight  signs  of  their  passage.  This  remark,  however,  does  not 
apply  to  underground  cables,  where  the  insulation  becomes 
punctured  by  the  passage  of  these  minute  currents  and  may 
break  down  totally  after  the  cables  are  switched  on  again. 

When  a  sytem  is  under  pressure,  the  small  disruptive  dis- 
charges due  to  the  secondary  effects  of  lightning  start  electric 
arcs  fed  by  the  supply  current,  thereby  causing  serious  burn- 
outs at  the  points  of  discharge.  Fuses  are  no  protection  against 
these  breakdowns,  as  the  damage  is  done  in  the  short  period  of 
time  required  for  the  action  of  the  fuse.     Of  course,  an  arc  is 
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only  set  up  if  a  diseliarge  takes  place  from  two  or  more  mainft 
of  different  polarity.  It  is  only  during  very  light  discharges 
that  sparking  occurs  from  one  point  alone  to  earth. 

The  insulation  of  transformers,  motors,  and  generatoi*8 
from  earth  alone  is  not  sufficient  protection  against  the  effects 
of  liglitning,  the  static  charges  having  a  tendency  to  start  dis- 
ruptive* discharges  between  any  two  coils  or  terminals  in  a 
machine  as  well  as  between  coils  and  earth. 

It  is  the  writer's  opinion  that  machines  and  transformers 
installed  in  the  Transvaal  should  not  have  their  castings 
earthed,  as,  in  conjunction  with  a  good  system  of  lightning 
arresters,  such  insulation  of  machines,  etc.,  is  of  great  help 
when  protecting  electrical  plant  against  the  effects  of  an  exces- 
sive difference  of  potential  between  apparatus  and  earth. 

Where  it  is  considered  necessary  for  the  safety  of  the 
attendant  to  have  motors  or  transformers  earthed,  the  connec- 
tion is  best  made  through  a  switch,  which  is  automatically 
closed  when  the  attendant  opens  the  door  of  transformer  or 
motor  room,  and  breaks  the  earth  connection  when  -the  door  is 
closed  again. 

Protection  against  lightning  effects  is  mainly  gained  by 
inserting  in  the  circuits  a  number  of  points  of  still  weaker  in- 
sulation than  found  in  machines  or  other  apparatus;  further, 
by  providing  choking  coils  between  such  weaker  points  and  the 
apparatus,  to,  as  it  were,  obstruct  the  passage,  by  means  of  the 
high  self-induction  of  such  coils,  against  any  oscillations  of 
very  high  frequency. 

This  is  easily  attained  by  placing  spark-gaps  between  the 
various  wires  and  earth  near  the  apparatus  to  be  protected,  to- 
gether with  an  arrangement  of  choking  coils  between  arresters 
and  transformers,  etc.  The  spark-gaps  could  consist  of  any 
metal,  and  have  a  spacing  just  narrow  enough  to  break  down 
when  under  a  pressure  of,  say,  double  the  working  pressure. 
Such  arrangement  would  efficiently  protect  power  circuits  when 
without  current  or  pressure*,  but  if  such  arresters  discharge 
under  oniiiiary  working  conditions,  the  result  is  invariably  a 
number  of  short  circuits  at  the  spark-gaps,  attended  by  burning 
out  of  arresters  and  blowing  of  fuses. 

This  incident  would  save  the  transformer  or  motor,  which 
without  the  spark-gaps  would  have  a  breakdown,  but  the  delay 
and  expense  caused  by  re-insertion  of  fuses  and  fresh  arresters, 
perhaps  located  at  a  far-away  part  of  the  plant,  makes  the 
necessity  for  improvement  seriously  felt. 

The  writer  will  now  discuss  a  few  of  the  best  known  types 
of  arresters,  and  endeavour  to  explain  their  action  in  as  few 
words  as  possible. 

The  first  arresters  used  on  low  voltage  lighting  or  power 
circuits  were  simply  spark-gaps  consisting  of  two  or  more 
ribbed  brass  plates,  wiih  an  air-space  of  about  l-64th  in.  be- 
tween the  zig-zag  planes  of  the  brass  plates.     One  terminal  of 
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the  arrangement  was  connected  with  one  of  the  circuit  wires, 
the  other  terminal  with  earth.  These  arresters  were  practic- 
ally copies  of  the  forms  which  were  used  to  protect  the  tele- 
graph lines.  They  effectually  shut  down  the  plant  and  were 
more  or  less  burnt  during  any  thunderstorms  in  the  vicinity  of 
the  circuits. 

Then  we  had  the  disc-arresters  as  suggested  by  Wirt.  The 
arresters  consisted  of  ten  or  more  round  metal  discs  slipped 
over  an  insulated  bolt  and  separated  from  one  another  by  thin 
sheets  of  mica.  The  top  disc  was  connected  with  the  line,  and 
the  bottom  one  with  earth.  The  inventor's  idea  was  that  this 
arrester  would  silently  discharge  to  earth  any  accumulations  of 
atmospheric  electricity  before  same  had  reached  a  potential 
high  enough  to  break  down  the  insulation  of  circuit  by  means 
of  a  disruptive  discharge.  However,  this  did  not  allow  for 
sudden  inJuctive  or  static  effects. 

These  disc-arresters  are  now  quite  obsolete,  as  they  hardly 
offer  any  protection,  and  generally  become  fused  together  at 
the  edges  of  the  metal  discs. 

For  continuous  current  tramway  circuits  the  Keystone 
Arrester  was  at  one  time  largelj-  used.  The  arrester  consists 
of  a  closed  marble  box  with  two  holes  at  opposite  sides.  Brass 
flaps  are  liinged  to  the  sides  of  the  box  and  carry  each  a  bent 
carbon  rod,  the  points  of  which  form  a  short  spark-gap  inside 
the  box.  One  flap  is  connected  to  the  line,  the  other  to  earth. 
On  a  disruptive  discharge  taking  place  between  the  carbons, 
the  heated  air  formed  by  the  arc  expands,  and  blows  the  two 
flaps  away  from  the  box,  thereby  considerably  increasing  the 
air-gap  and  extinguishing  the  arc.  After  this  the  flaps  fall 
back  in  their  old  position  and  are  ready  for  the  next  discharge. 

This  type  of  arrester  is  now  seldom  installed,  as  the  arcs 
often  damage  the  boxes,  and  sometimes  the  arresters  are  com- 
pletely burnt  out. 

Arrest(Ms  with  spark-gap  mechanically  opened  by  means  of 
an  electro-ma  cruet  have  often  been  tried,  and  in  many  places 
are  still  in  use. 

Such  arresters  generally  have  one  loose  spark-gap  elec- 
trode fastened  to  a  lever  actuated  upon  by  an  electro-magnet, 
or  the  electrode  is  fastened  to  a  moveable  iron  core,  which  is 
drawn  into  a  solenoid  upon  passage  of  current  when  a  discharge 
is  taking  place. 

The  magnet  coils  are  generally  connected  between  spark- 
gap  and  earth,  and  in  consequence  of  their  high  self-induction 
often  practically  obstruct  the  way  for  the  passage  of  oscilla- 
tory discharges  of  high  frequency.  This  and  the  risk  of  burn- 
outs by  arcs  not  being  extinguished  in  time  have  prevented 
this  tj'pe  of  arrester  becoming  popular. 

The  writer  has  often  found  these  arresters  with  badly  burnt 
coils  and  gaps  after  severe  thunderstorms  when  used  on  2  x  110 
volts  three- wire  svstems. 
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A  well-known  and  extensively  used  arrester  is  the  Wurts 
type. 

Wurts'  arresters  are  built  in  units  for  1,000  volts  each, 
and  consist  of  seven  independent  metal  cylinders  placed  in  a  row 
in  slotted  porcelain  holders,  the  whole  being  mounted  in  a 
water-tight  cast  iron  box,  which  allows  of  installing  the 
arresters  on  pole  cross-arms  without  further  protection. 

The  seven  cylinders  are  spaced  with  a  clearance  of  about 
1-32  in.  from  cylinder  to  cylinder.  The  two  outer  cylinders 
are  connected  to  the  lines  of  different  polarity  and  the  middle 
cylinder  is  joined  to  earth. 

This  gives  a  sparking  distance  of  3  x  1-32  in.  between  cir- 
cuits and  earth  for  every  1,000  volts  line  pressure,  or  500  volta 
line  to  earth  (static  pressure). 

For  higher  pressures  the  number  of  gaps  is  increased  in 
proportion  to  the  voltage.  At  2,000  volts  there  are  six  gaps 
from  line  to  earth,  at  3,000  volts  nine  gaps,  and  so  on. 

The  metal  cylinders  are  composed  of  an  alloy  of  brass, 
zinc,  and  antimon,  of  which  the  makers  claim  that  it  will  not 
sustain  an  arc  or  become  fused  by  the  dynamo  current  after 
taking  a  discharge  to  earth. 

These  arresters  can  only  be  used  on  alternating  current 
circuits,  as  the  arc-extinguishing  action  of  the  arrangement 
depends  mainly  upon  the  arc  dying  out  at  the  moment  the  cur- 
rent is  reversing  its  polarity,  that  is,  when  passing  through 
zero. 

The  non-arring  of  cylinders  is  probably  more  due  to  the 
cooling  effect  of  the  heavy  metal  parts  than  to  the  special  com- 
position of  the  alloy,  as  it  has  been  found  that  other  metals  of 
ample  dimensions  show  a  similar  action. 

When  the  cylinders  become  heated  the  arcs  tend  to  stick, 
with  the  result  that  the  fuses  blow  during  heavy  lightning  dis- 
charges across  the  arresters. 

A  2,000  volt  system  protected  by  Wurts'  arresters  would 
have  a  sparking  distance  of  6  x  1-32  in.,  equal  to  3-16  in.  to 
earth.  About  10,000  virtual  volts  or  14,000  maximum  volts 
would  be  the  minimum  pressure  at  which  a  discharge  across 
the  gaps  could  take  ])lace.  This  is  under  the  assumption  that 
the  air  is  drv. 

To  secure  efficient  protection  with  this  type  of  arrester, 
all  apj)aratus,  etc.,  must  be  able  to  stand  a  pressure  between 
terminals  and  earth  of  about  4  to  5  times  the  working  pressure, 
which  calls  for  very  high  insulation  of  generators,  motors, 
transformers,  etc. 

The  Genera]  Electric  Co.,  of  New  York,  make  a  spark-gap 
arrester  with  resistance  designed  ]>y  Wirt. 

This  arrester  consists  of  three  independent  non-arcing 
metal  cylinders,  with  two  spark-gaps  of  3-64  in.  each,  and  a 
special  carbon  rod  of  about  30  ohms,  in  series  wiih  the  spark- 
gaps.     The  first  cylinder  is  connected  to  one  of  the  line  wires 
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and  the  carbon  with  earth  when  used  on  a  2,000  volts  circuit. 

The  resistance  is  non-inductive. 

With    two    arrestei'S    on    wires    of    different    pohirity    the 
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current  due  to  arcing  cannot  exceed  ^ —  amp.     In  practice, 

however,  it  is  found  that  the  carbons,  whicli  are  made  of  a 
mixture  of  ciirbon  and  clay  will  not  always  stand  this 
amount  of  current,  but  often  explode  when  a  discharge  across 
the  ^aps  of  two  or  more  arresters  takes  place. 

Another  type  of  arrester,  invented  by  Wurts,  of  the  West- 
inghouse  Co.,  is  the  Type  K  Arrester,  for  continuous  current 
circuits  lip  lo  TOO  volts. 

The  instrument  is  single  pole,  and  consists  of  two  metal 
electrodes  mounted  upon  a  lignum  vitae  block,  flush  with  its 
surface.  Chaired  or  carbonised  grooves  are  provided  for  the 
discharge.  A  second  lignum  vitae  block  fits  closely  upon  the 
first  block,  comph^tely  covering  the  grooves  and  electrodes. 

The  makers  claim  that  disruptive  discharges  will  pass 
readily  between  the  electrodes  over  the  charred  grooves,  which 
act  8iiiij)ly  as  an  (deetrieal  crack  through  the  air,  providing  an 
easy  path. 

The  resistance  between  the  electrodes  is  said  to  be  more 
than  oO.tiOU  ohms,  and  is  always  in  circuit. 

There  being  no  room  for  vapour  between  the  two  tightly- 
fitting  blocks,  no  arc  can  be  formed,  hence  the  makers  claim 
that  llie  anester  is  non-arcing. 

The  arrangement  is  certainly  a  clever  one,  but  parties 
using  this  arrester  are  not  in  a  position  to  judge  whether  same 
is  effective  or  not,  on  account  of  the  inaccessibility  of  the  spark- 
gap.  Probably  the  instrument  will  take  light  discharges  to 
earth  all  right,  but  the  writer  of  this  has  his  dou'.ts  whether 
it  will  handle  heavy  discharges  of  high  amperage. 

A  very  ^ood  arrester  for  continuous  current,  probably  the 
best,  is  th(}  Thomson  Arrester.  This  instrument  consists  of 
two  horn-shaped  copper  electrodes,  forming  a  spark-gap,  and 
placed  between  the  poles  of  a  horseshoe  electro-magnet.  One 
electrode  is  connected  to  the  circuit,  the  other  through  the  mag- 
net coil  to  earth.  The  arc  of  the  dynamo  current,  following  a 
disruptive  discharge,  passes  through  the  electro-magnet  to 
eartli,  and  creates  a  strong  magnetic  field,  which  blows  the  arc 
upwar<ls,  tlieieby  lengthening  and  extinguishing  same. 

In  the  author's  mind  this  is  a  very  good  form  of  arrester, 
although  it  has  a  coil  of  high  self-induction. 

By  altering  the  electrodes  so  that  the  spark-gap  length 
could  be  regulated,  the  writer  has  had  very  beneficial  results 
on  2  X  110  volts  three-wire  continuous  current  lighting  sys- 
tems. The  original  gaps  were  too  wide,  and  did  not  give  suffi- 
cient protection  to  the  dynamos,  as  was  proved  by  various  arma- 
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ture  insulation  breakdowns,  before  above-mentioned  alteration 
was  effected. 

Another  well-known  arrester  for  continuous  or  alternating 
current  circuits  is  the  Tank  Arrester,  also  originally  designed 
by  Wurts,  of  the  Westinghouse  Company. 

This  arrester,  which  has  been  extensively  used  on  these 
fields,  consists  of  an  arrangement  of  three  bare  copper  wire 
choking  coils  placed  in  each  main,  earth  connections  branched 
off  between  first  and  second,  second  and  third  coil,  and  between 
third  coil  and  motor  oi  generator,  etc.  These  earth  connec- 
tions are  made  by  means  of  flat  carbons  extending  downwards, 
and  adjustably  supported  over  the  centre  of  one  of  the  three 
tank  compartments,  so  that  the  carbons  are  partly  immersed  in 
the  water.  The  tank  is  of  cherry  wood,  which  is  lined  with 
galvanised  iron,  connected  to  earth. 

During  thunderstorms  the  carbons  have  to  be  connected 
with  the  choking  coils  by  means  of  plugs  or  switches,  and  a 
stream  of  water  kept  flowing  through  the  tank. 

The  direct  connections  to  earth  through  the  water  provide 
relatively  low  resistance  paths  to  earth.  The  opportunities  for 
discharge  are  three-fold,  and  thereby  greatly  lessen  the  pos- 
sibility of  failure  due  to  the  selective  character  of  static  dis- 
charges. 

The  choke  coils  offer  a  high  inductive  resistance  in  the 
direction  of  the  apparatus  to  he  protected,  and  at  the  same 
time  tend  to  force  the  discharges  across  the  low  resistance  paths 
to  earth. 

This  is  a  very  good  arrester  for  low  pressures,  and  when 
always  under  current.  In  practice,  however,  tank  arresters 
are  only  switched  on  during  thunderstorms,  and  are  therefore 
of  no  protection  during  atmospheric  potential  disturbances  in 
fine  weather  when  the  apparatus  is  not  connected  to  earth. 

Tank  arresters  have  been  used  on  circuits  up  to  2,000  volts. 
This,  however,  can  only  be  called  bad  practice,  as  in  the  first 
place  there  is  a  large  waste  of  current,  especially  if  the  water 
supply  is  muddy  or  contains  acids  or  salts,  and  secondly  there 
is  considerable  risk  to  life  whilst  attending  to  the  arresters. 

Another  disadvantage*  is  that  it  may  be  necessary  to  install 
a  considerable  number  of  tank  arresters  on  a  large  power-dis- 
tributing system,  where  long  branch  mains  lead  to  separate 
motors  or  transformers.  This,  besides  being  expensive  in  first 
cost,  entails  special  attendance  in  the  form  of  a  man  walking 
around  the  property  switching  arresters  on  and  off  during  the 
thunderstorm  season. 

Telephone  disturbances  are  also  often  caused  by  tank 
arrester  currents  affecting  telephone  circuits  in  the  neighbour- 
hood, sometimes  through  induction  and  other  times  through 
current  leakages  from  alt<»rnating  current  systems  over  the 
tank  arresters  and  tele])hon(»  earths 
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A  good  arrester  for  high  tension  alternating  current  sys- 
tems is  made  by  Siemens  and  Halske.  The  arrester  is  the  in- 
vention of  Olschlager  and  Schrottke,  and  consists  of  two  copper 
rods  bent  approximately  to  the  form  of  half  hyperbolas.  The 
vertices  of  the  two  hyperbolas  are  brought  to  within  a  short 
distance  of  each  other,  the  space  between  them  constituting  the 
sparking  gap.  One  rod  is  connected  to  the  line  and  the  other 
to  earth,  and  the  two  are  supported  on  insulators  and  placed  in 
a  vertical  plane  opposite  to  each  other. 

When  disruptive  discharges  take  place  across  the  gaps  of 
arresters  of  different  polarity  the  arc  maintained  by  the 
dynamo  current  forms  a  moveable  passage  for  the  current,  and 
is  blown  upwards  by  the  repellent  magnetic  action  of  the  cur- 
rent, which  tendency  is  assisted  by  the  heat  effect  of  the  arc. 
During  the  upward  rise  the  arc  is  continually  lengthened  until 
the  pressure  of  the  system  is  insufficient  to  maintain  the  passage 
of  current,  thereby  extinguishing  the  arc.  The  action  is  gener- 
ally so  quick  that  there  is  not  time  for  the  line  fuses  to  be 
blown. 

The  author  has  used  this  type  of  arrester  with  good  results 
on  a  10,000  volt  power  transmission  line.  The  spark-gaps 
^ere  set  at  |  in.  for  arresters  under  cover,  which  gaps  had  to 
be  increased  to  J-  in.  for  arresters  placed  outside  on  the  pole 
lines,  so  as  to  prevent  arcing  of  arresters  being  caused  by  drops 
of  rain  short  circuiting  the  gaps. 

The  short  spark-gap  makes  this  arrester  very  efficient,  the 
onlv  drawback  being  that  occasionally  the  arcs  have  a  tendency 
to  stick  near  the  bottom  of  the  gaps,  thereby  pulling  down  the 
supply  voltage,  and  causing  some  of  the  motors  to  pull  up 
dead. 

This  deficiency  can  be  partly  met  by  using  separate  earth 
connections  of  high  resistance  for  each  line  terminal.  This 
bas  at  times  been  effected  by  using  separate  iron  line  poles  as 
ground  connections.  Owing  to  the  difference  of  soil  and  the 
quantity  of  water  contained  therein,  this  does  not  always  give 
satisfactory  results. 

The  author  has  at  times  noticed  arcs  of  small  amperage 
sticking  at  the  bottom  of  the  arrester  horns  after  a  discharge  of 
atmospheric  electricity  has  taken  place. 

Dr.  Benischke,  of  the  A.E.G.,  Berlin,  has  designed  an 
arrester  which  embodies  the  principles  of  the  Siemens  and 
Halske  and  the  Thomson  horn  arresters. 

The  spark-gap  consists  of  two  brass  rods,  the  middle  parts 
lying  in  a  horizontal  plane,  and  the  four  ends  bent  upwards  and 
outwards.  Underneath  the  horns  an  electro-magnet  with 
laminated  iron  core  is  placed,  the  magnet  windings  being  so 
connected  that  the  magnet  remains  always  excited  when  the 
mains  are  carrying  current.  This  arrester  serves  for  alternat- 
ing and  for  continuous  current  circuits. 
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Ill  propositions  where  very  short  spark-gaps  are  required 
Beiiischke  inserts  resistaiices  cousisiiug  of  glass  and  india- 
rubber  tubes  filled  with  water  aud  coiiiiected  between  spark- 
gaps  and  a  small  water  tank  to  earth. 

Only  a  very  small  current  can  pass  through  the  water  in 
the  tubes  without  causing  overheating  and  boiling  of  water. 
On  high-pressure  systems  the  current  is  kept  low  by  lengthen- 
ing the  india-rubber  tubes  and  thereby  increasing  the  resist- 
ance. 

As  this  apparatus  cannot  take  heavy  lightning  discharges, 
other  horn  arresters  with  magnetic  action  have  also  to  be  placed 
in  the  circuits  requiring  protection. 

Besides  the  arresters  already  mentioned  there  are  numer- 
ous other  types,  the  description  of  which  would  make  this 
paper  too  exhaustive;  the  author  has  therefore  only  men- 
tioned the  most  prominent  forms. 

Lightning  arresters  should  be  placed  about  half  a  mile 
apart  on  long  distance  power  transmission  lines.  In  any  case 
this  spacing  should  not  exceed  one  mile,  if  breakdowns  due  to 
cracking  of  insulators  are  to  be  avoided.  Line  self-induction 
forms  a  great  obstruction  to  oscillatory  discharges  passing  from 
the  middle  of  a  long  line  track  to  the  arresters  placed  at  the 
two  ends  of  the  wires. 

Some  points  on  long  lines  seem  to  suft'er  more  than  others 
during  thunderstorms.  This  is  probably  due  to  the  selective 
character  of  static  discharges,  the  oscillations  forming  stand- 
ing waves  along  the  line  in  a  similar  manner  as  produced  in 
the  vertical  wires  and  coils  of  a  wireless  telegraphy  system. 
The  points  with  the  highest  static  E.M.F.  (that  is  at  the  top 
of  the  E.M.F.  curves)  are  more  endangered  than  the  other  parts 
of  the  circuit,  and  wherever  insulator  breakdowns  due  to 
thunderstorms  have  taken  place,  such  spots  should  be  specially 
protected  by  line  arresters,  even  if  arresters  had  been  installea 
two  or  three  poles  away.  In  many  cases  the  latter  arresters 
can  be  removed  to  the  line  pole  on  which  insulator  breakdowns 
are  freciuent,  without  having  to  provide  another  special  set  of 
arresters. 

The  ends  of  long  transmission  lines  are  subjected  to  high 
oscillatory  E.M.F.'s,  probably  to  the  highest  static  pressures 
existing  on  any  part  of  the  system  during  thunderstorms,  and 
should  therefore  be  specially  well  protected.  Short  side 
branches  on  the  circuits  do  not  appear  to  be  affected  so  .much 
from  the  effects  of  atmospheric  electricity. 

On  long  distance  overhead  alternating  current  systems  tbe 
author  uses  an  arroster-combination  of  his  own,  consisting  of 
a  system  of  choking  coils,  spark-gaps,  and  a  small  non-induc- 
tive water  resistance. 

For  2,000  volt  three-phase  circuits,  three  choking  coils  are 
inserted  in  each  of  the  three  mains  leading  to  the  machine  or 
apparatus  which  requires  to  be  protected. 
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Each  coil  coiieiists  of  about  10  windings  of  rubber-insulated 
wire,  wound  with  an  internal  diameter  of  G  in. — 7  in.  To 
increase  the  self-induction  of  the  coils  the  windings  are  then 
covered  with  a  layer  of  soft  iron  wire,  No.  16,  18,  or  20, 
S.W.li.,  wound  in  and  out  of  the  coil  around  the  insulated 
copper  wires,  the  spacing  between  any  two  iron  windings  de- 
pending upon  the  size  of  iron  wire  and  upon  the  amount  of 
current  required  by  the  dynamo,  transformer,  or  motor,  etc., 
installed  at  the  particular  part  of  the  system.  As  a  rule  1-16 
in.  space  between  adjacent  iron  windings  is  ample  for  a  circuit 
taking  10  amperes  at  2,000  volts.  On  low  tension  circuits  less 
iron  shouiu  be  used.  With  proper  iron  adjustment  there  is  no 
appreciable  loss  or  choking  ett'ect  for  a  low  frequency  (50 
cycles)  working  current,  whereas  the  coils  offer  considerable 
obstruction  to  the  passage  of  high  frequency  oscillatory  dis- 
charges into  generators,  motors,  or  transformers. 

Spark-gaps  are  branched  off  from  the  connection  made  be- 
tween the  first  choking  coil  and  the  outside  line 

On  a  2,000  volt  three-phase  system  2  gaps,  each  1-32  in. 
wide,  are  required  for  each  conductor. 

From  eacli  of  the  three  sets  of  double  spark-gaps  a  connec- 
tion is  made  to  a  carbon  9  in.  long  and  ^  in.  thick.  The  three 
carbons  are  5  in.  apart,  and  each  is  immersed  3  in.  in  the  clean 
water  contained  in  an  eight-gallon  iron  tank.  The  tank  body 
is  connected  direct  to  earth,  where  possible,  by  clamping  the 
wire  on  to  a  heavy  water  pipe.  No  supply  or  overflow  piping  is 
required  for  the  tank.  During  the  summer  it  is  sufficient  to 
make  up  the  water  once  every  one  or  two  months,  the  evapora- 
tion being  very  small,  especially  if  the  tank  is  covered  with 
wood  or  other  insulating  material.  Air-holes  should  be 
arranged  for. 

The  insertion  of  this  non-inductive  water-resistance  re- 
duces the  dynamo  current  arcing  across  two  or  more  sets  of 
arresters  during  thunderstorms  to  10  amperes  and  less.  The 
amperage  can  be  regulated  by  altering  the  lensrth  of  carbon  in- 
serted in  the  water.  On  circuits  carrvinij  pressures  above 
2,000  volts  this  IS  best  attained  by  slipping  a  glass  tube  over 
the  upper  part  of  the  carbon  and  making  a  joint  between  the 
lower  end  of  the  tube  and  the  carbon  by  means  of  resin,  shel- 
lac, or  sealing-wax.  This  arrangement  has  the  advantage 
that  the  amperage  does  not  alter  with  the  height  of  the  water 
level,  as  loner  as  this  level  varies  only  between  the  top  and  bot- 
tom of  the  glass  tubes. 

When  reducing  the  amperage  of  the  arcs  across  the  spark- 
gaps  down  to  10  amp.  and  less  by  inserting  the  water  resist- 
ance, the  author  finds  that  there  is  no  tendency  for  the  arcs, 
maintained  bv  the  generator  current,  to  stick  in  the  spark-gaps, 
and  also  the  small  current  following  an  atmospheric  discharcre 
18  not  sufficient  to  blow  the  fuses.  To  attain  this  result  the 
spark-gaps  should  not  be  made  smaller  than  mentioned  before. 
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The  spark-gaps  can  consist  of  small  round  brass  cylinders 
1  in.  in  diameter  and  about  1  in.  long.  It  is  not  necessary  that 
they  are  made  of  any  special  alloy  or  non-arcing  metal.  The 
author  has  made  use  of  Wurts'  non-arcing  metal  cylindan 
when  making  his  investigations,  as  these  parts  were  available 
from  the  old  arrester  arrangements.  Wnen  these  cylinders 
were  finished  it  was  found  that  smooth  round  brass  pieces  were 
just  as  efficient. 

The  cylinders  are  best  mounted  in  a  row  on  a  base  of 
marble,  porcelain,  or  other  suitable  material,  the  first  cylinder 
being  connected  to  the  line  near  the  choking  coil  and  the  last 
cylinder  to  the  carbon  rod  terminal  on  the  tank. 

A  good  strong  10-gallon  iron  oil  drum  makes  a  ver^-  ser- 
viceable tank,  the  earth-wire  being  bolted  or  soldered  to  the 
outside  of  the  drum. 

The  author  has  in  many  places  inserted  a  No.  16  8.W.G. 
lead  fuse  wire  between  the  spark-gaps  and  the  carbon.  This 
has  not  in  a  single  instance  been  blown  during  thunderstorms. 

Whilst  testing  these  arresters,  by  short-circuiting  all 
spark-gaps  and  having  only  the  water  resistances  in  circuit, 
it  was  noticed  that  when  the  water  became  heated  after  a  short 
period  of  time,  small  arcs  formed  between  the  bottom  part  of 
the  carbon  and  the  fluid,  that  is,  in  the  layer  of  gas  surround- 
ing the  carbon  points.  These  arcs  came  and  disappeared  in 
verv  short  and  regular  intervals,  causing  periodical  interrup- 
tions in  the  circuit.  The  periodicity  of  these  interruptions 
could  be  increased  by  shortening  the  length  of  carbon  im- 
mersed in  the  water. 

The  above*  is  probably  a  phenomenon  of  the  same  kind  as 
the  Wehnelt  interruptor  effect.  This  would  assist  in  break- 
ing the  arcs  across  the  spark-gaps,  should  there  be  any  stick- 
ing, not  that  any  such  tendency  of  arcs  sticking  has  been 
noticed,  when  using  this  arrester  combination. 

To  safeguard  the  jdant  from  the  effects  of  specially  heavy 
discharges  the  author  branches  off  two  more  rows  of  spark-gaps 
from  tli(»  connections  between  the  choking  coils  on  each  wire. 
On  a  2,000  volt  system  there  are  four  gaps  of  1-32  in.  each, 
arranged  in  series  between  each  coil  connection  and  a  good 
eiuth,  no  water  resistance  being  inserted.  This  also  applies  to 
outside  arresters  mounted  on  the  poles  for  protection  of  line 
insulators. 

Figs.  1  and  2,  PI.  XXX VIII.,  illustrate  the  method  of  con- 
necting the  two  systems  of  gaps  to  earth. 

In  Fig.  I  the  wires  A. A. A.  are  connected  to  the  overhead 
line,  and  l^B.B.  are  for  connecting  to  a  10  k.w.  three-phase 
transformer  on  a  1,000  volt  or  500  volt  system.  The  top  row 
of  single*  spark-gaps  is  connected  to  earth  through  the  water 
resistance.  The  other  arresters  lower  down  each  have  two  gaps 
between  choking  coils  and  earth.  To  make  the  wires  more  dis- 
tinct,  the  earth   connections   are   covered   at    regular  intervals 
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with  white  insulating  tape,  the  conductor  leading  to  the  car- 
bons of  the  water-resistance  showing  the  spacing  at  double  the 
length  as  compared  with  the  wires  leading  direct  to  earth.  To 
the  right  of  the  water  receptacle  a  separate  tank-lid  with  the 
three  glass-covered  carbons  is  shown. 

Fig.  2  shows  part  of  the  interior  of  a  transformer  house  for 
a  2,000  volt  single-phase  system.  The  double  sets  of  spark- 
gaps  at  the  extreme  left  are  connected  to  the  carbons  in  a  tem- 
porary receptacle  on  the  floor,  there  being  two  gaps  in  each 
connection.  The  other  arresters  have  each  four  spark-gaps 
between  choking  coil  and  earth.  Only  one  of  the  four  choking 
coils  is  visible,  in  the  top  right-hand  comer  of  the  figure. 

When  arranging  the  central  station,  three  choking  coils 
are  placed  in  each  feeder  wire,  and  two  rows  of  four  gaps  each 
branched  off  to  earth  for  a  2,000  volt  system.  Only  one  tank 
with  three  carbons  is  required  for  each  voltage  at  the  station. 
Each  carbon  is  connected  to  one  of  the  three  switchboard -bus- 
bars through  a  2-ga|)  arrester. 

On  1,000  and  500  three-phase  systems  the  arresters  con- 
nected to  earth  have  two  spark-gaps  for  each  main,  and  only 
one  gap  for  the  earth  connection  via  the  water-resistance. 

The  low-tension  lighting  mains  require  each  a  set  of  chok- 
ing coils,  and  the  branches  to  earth  only  one  gap,  1-32  in., 
without  any  insertion  of  water-resistance. 

Sets  of  arresters,  choking  coils,  and  tank  should  also  be 
inserted  where  underground  cables  are  connected  to  overhead 
mains,  as  otherwise  thp  cables,  especially  at  the  points  of  en- 
trance and  exit  of  current,  will  act  as  lightning  arresters,  tak- 
ing away  any  excess  of  static  electricity  in  the  overhead  mains, 
and  thereby  breaking  down  the  underground  cable  to  earth. 

Arresters  with  water-resistance  earth-connection  are  also 
of  value  to  protect  a  purely  underground  system  of  cables  and 
apparatus  of  high  self-induction,  such  as  motors,  transformers, 
etc.,  against  a  sudden  increase  of  potential  due  to  electric 
surgings  caused  by  switching  on  or  off  circuits  of  high  capacity 
and  self-induction.  Separate  spark-gap  arresters  with  direct 
earth  connection  are  not  required  in  underground  cable  sys- 
tems having  no  long  overhead  line  extensions. 

The  author  arrived  at  this  combination  of  short  spark- 
gaps  and  water-resistance  as  follows: — The  2,000  volt  portion 
of  the  East  Rand  Proprietary  Mines'  three-phase  system  was 
originally  protected  against  lightning  by  a  combination  of 
ordinary  choking  coils  and  Wurts*  non-arcing  arresters.  Six 
spark-gaps,  each  1-32  in.,  were  inserted  between  each  main  and 
earth  at  points  where  protection  against  atmospheric  electri- 
city was  required.  This  arrangement  would  rarely  form  a 
passage  to  earth  for  pressures  less  than  about  10,000  virtual 
volts  or  14,000  maximum  volts.  The  2,000  volt  transformers 
connected  to  the  system  were  not  built  io  stand  this  heavy 
strain,  and  in  consequence  one  or  more  transformers  were  dam- 
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aged  ill  every  thundeitttorm  season.  Besides  this^  the  hiffb 
number  of  gaps  did  not  always  prevent  an  arc  sticking  in  tne 
arresters  and  occasionally  blowing  the  line  fuses. 

To  make  the  protection  more  efficient,  iron-wound  chok- 
ing coils  were  then  inserted,  and  the  number  of  spark-gaps  re- 
duced from  six  to  four. 

This  ef^ectivelv  protected  the  transformers,  and  no  further 
burn-outs  occjurred,  but  owing  to  the  reduction  of  gaps  the 
blowing  of  line  fuses  during  thunderstorms  became  very  fre- 
quent indeed. 

The  author  overcame  this  last-mentioned  difficulty  by  in- 
serting a  water-resistance  in  the  earth -connection,  and  then 
found  that  the  number  of  gaps  could  be  further  reduced  to 
two,  as  mentioned  before,  thereby  decreasing  the  strain  on 
transformers  during  static  disturbances  to  about  4,000  volts, 
in  place  of  tlie  original  strain  of  about  10,000  volts  (virtual), 
when  having  six  gaps  to  earth. 

The  new  arrester  arrangement  was  installed  on  all  the  cir- 
cuits at  the  East  Rand  Proprietary  Mines  in  the  latter  half  of 
1903.  Since  then  the  plant  has  run  through  the  thunder- 
storm season  without  a  stoppage  or  breakdown  of  transformers, 
motors,  or  generators,  from  the  effects  of  lightning. 

Line  earths  are  easily  detected  without  shutting  down  the 
plant  by  short-circuiting  one  arrester  gap  by  means  of  a  loose 
piece  oi  metal  laid  across,  and  by  bridging  the  other  with  the 
moistened  end  of  an  otherwise  perfectly  dry  stick.  If  there  is 
no  earth  on  the  mains,  only  a  small  static  spark  across  the  last- 
mentioned  sran  will  be  noticed ;  on  the  other  hand,  a  fault  to 
earth  on  one  of  the  mains  will  show  itself  by  a  more  violent 
arc  of  about  10-16  amp.  across  one  of  the  short-circuited  gaps 
of  any  of  the  two  other  mains,  when  earthed  separately  through 
their  resj)ective  spark-gaps  and  water-resistance.  The  arc 
goes  out  as  soon  as  the  loose  piece  of  metal  across  the  next  gap 
is  removed. 

Before  concluding  the  author  wishes  to  point  out  that  thero 
is  no  danger  to  life  when  handling  the  water-resistance  or  car- 
bons, as  all  this  is  directly  and  always  connected  to  earth. 
Tliere  might  be  a  question  of  risk  during  thunderstorms  when 
discharges  are  passing  over  the  spark-gaps  to  earth;  however, 
no  man  in  his  ricrht  senses  would  try  to  interfere  with  these 
parts  during  a  thunderstorm. 

The  author  trusts  that  these  investigations  will  lead  to 
further  improvements  in  the  protection  of  the  large  electric 
power  plants  on  these  fields,  and  provoke  a  healthy  discussion 
on  this  important  subject. 


^  EXPLANATION  OF   PLATE   XXXVIT. 

Fiii.  1.— Lightninv:  Arrester  for  1.000  Volts  Three-Pliat«e  Sy.stein. 
F*!*;.  2.— Tiiirhtnini:  Arrester  for  2.000  Volts  Single- Phase  System. 
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SECTION    D. 


ACTING  PEESIDENT'S  ADDEESS. 


THE    EDUCATION   OF    EXAMINEES. 

By  E.  B.  Sakgant. 
(Plates  XXXVIII.— XLIII.) 

EXPRESSION  OF  BEGRET  THAT  PRESIDENT  SHOULD  BE  UNABLE 

TO  ATTEND. 

The  reason  for  my  occupying  the  chair  in  this  section 
oi  the  South  African  Association  for  the  Advancement  of 
Science  must,  I  think,  be  known  to  most  of  you  who  are  pre- 
sent here  to-day.  I  replace,  all  unworthily,  a  man  who  stands 
Second  to  none  among  the  notable  pioneers  of  Johannesburg; 
One  as  remarkable  for  the  fertility  and  soundness  of  his  imag- 
ination as  for  the  power  of  his  pen;  a  great  industrial 
Xeader,  and  at  the  same  time  a  writer  who  has  done  more  to 
Xnake  Englishmen  understand  the  difficulties  against  which  the 
industries  of  this  country  have  had  to  struggle  than  any  living 
Tnan.  From  the  author  of  the  "  Transvaal  From  "Within  "  you 
xvould  have  had  a  presidential  address  that  in  itself  would  have 
sufficed  to  lend  distinction  to  this  meeting. 

But  it  has  been  fated  that,  at  the  very  time  when  his 
address  would  have  been  in  course  of  preparation,  Sir  Percy 
Fitzpatrick  should  be  prostrated  by  an  illness  in  the  course  of 
^hich  life  itself  has  hung  in  the  balance,  and  from  which, 
even  now,  he  is  only  slowly  recovering.  During  that  time  of 
suspense,  when  we  all  shared  the  dreadful  fears  and  anxiety 
that  were  borne,  in  a  measure  of  which  I  hardly  dare  to  think, 
by  his  noble  and  devoted  wife,  it  was  not  the  brilliant  writer 
or  the  philanthropist  or  the  financier  of  whom  his  friends,  and 
even  his  many  acquaintances,  chiefly  thought.  It  was  the 
kindly  host,  the  witty  and  humorous,  yet  ever  simple  comrade, 
the  indefatigable  friend,  the  staunch  ally,  that  was  present  to 
their  mind's  eye.  And  now  that  he  has  so  far  recovered  as  to 
be  able  to  receive  communications  from  the  world  beyond  his 
sick-room,  I  think  that  you  would  all  like  me  to  send  a  message 
to  the  president  of  this  section,  telling  him  how  sorry  we  are 
that  he  is  not  among  us  to-day,  and  wishing  him  a  quick  and 
full  recovery  of  his  powers. 
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subject  under  coxsidekation  a1»plicable  to  all  subjects  in 

section  d. 

The  subject  that  1  have  chosen  for  my  presidential 
address  may  at  first  sight  seem  far  from  inviting.  Yet,  in 
spite  of  the  unusual  title  of  my  paper,  I  undertake  to  say  that 
most  of  you  present  here  to-day  will  follow  the  results  which  I 
shall  lay  before  you  with  ease,  and  will  find  a  growing  interest 
in  certain  ideas  which  cannot  but  prove  novel  to  those  of  you 
who  have  not  before  thought  of  examiners  as  belonging  to  the 
human  race  and  therefore  capable  of  education. 

In  a  sense  we  are  all  examiners.  We  note  and  tabulate 
events  and  ilieir  causes.  We  distribute  mankind  into  ethno- 
logical groups,  or  compare  them  as  industrial  workers.  We 
ascertain  their  wants  and  their  means  of  satisfying  those  wants. 
We  exiunine  and  record  the  growth  of  custom;  the  physical  and 
mental  development  of  the  human  being;  the  changes  in  the 
mind  itself  and  the  order  of  such  changes;  the  ripening  and 
decay  of  language;  the  distribution  of  wealth;  the  progress  of 
society.  l']ven  the  laws  of  statistics  are  submitted  to  examina- 
tion. 

Thus,  side  by  side  with  the  advance  of  theory  in  connec- 
tion with  all  tlie  sciences  that  fall  under  this  section  (archae- 
ologv,  education,  mental  science,  philology,  political  economy, 
sociology,  statistics),  goes  the  scrutiny  of  results.  It  is  justifi- 
able, tlierefore,  to  think  that  an  examination  of  methods  of 
examination  even  in  connection  with  only  one  of  those  sub- 
jects, will  throw  a  light  upon  such  methods  in  general.  I  pro- 
pose to-day  to  consider  that  small  part  of  education  which 
consists  in  the  testing  of  the  results  of  study  by  written  papers. 

(iKXERAL  INTEREST  IN   METHODS  OF  EXAMINERS. 

Who  in  this  hall  has  not  at  one  time  or  another  undergone 
the  ordeal  of  an  examination,  and  who,  before  entering  the  ex- 
amination room,  has  not  trembled  at  the  unknown  body  of  in- 
quisitors whom  he  may  never  meet  face  to  face?  Who  has  not 
come  out,  after  some  paper  or  other,  burning  with  indignation 
at  the  toi'tuies  inflicted  by  one  or  more  of  tliis  savage  race? 

Is  it  too  much  to  say  that,  if  a  method  were  laid  befoi-e 
you,  by  which  it  would  be  possible  to  exliibit  the  weaknesses  of 
the  examiners  themselves  in  as  clear  a  light  as  they  expose 
\\w  failings  of  others,  everyone  present  would  be  interested  in 
the  unfolding  of  such  a  scheme  of  retaliation? 

The  little  fish  which  lurks  at  the  bottom  of  the  stream, 
waiting  for  its  accustomed  food,  and  obliged  to  decide  in  an 
unnaturally  short  space  of  time  whether  a  juicy  worm  that 
floats  past  it  has.  or  has  not.  a  hook  concealed  within  its  sub- 
stance, might  be  likened  to  the  ordinary  candidate  nibbling  at 
an  apparently  innocent  question  in  his  examination  paper. 
The  angler  with  his  rod  and  line,    patiently    casting   his    bait 
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from  behind  a  bush,  resembles  in  some  candidates'  estimation 
that  unseen  force,  the  examiner.  Would  not  the  trembling 
fish,  I  ask  you,  rejoice  if,  in  its  turn,  it  could  insert  a  hook  be- 
tween the  angler's  jaws  and  dangle  him  before  the  public  gaze 
as  the  unjust  destroyer  of  all  its  watery  happiness?  Or  if  the 
sparrow  pursued  by  the  butcher  bird,  and  almost  at  the  point 
of  execution,  found  means  to  turn  and  rend  its  adversary, 
would  not  its  feelings  be  those  of  the  examinee  enabled,  of  a 
sudden,  to  chase  his  examiner?       Or  should  the  goose  which 

was  already  almost  plucked But,  ladies  and  gentlemen, 

these  similes  are  carrying  me  too  far.  I  will  content  myself 
with  ihe  assertion  that  examiners  are  not  always  infallible,  and 
that  their  infallibility  can  be  demonstrated  by  methods  which 
I  am  now  about  to  consider,  and  which  even  a  child  can  use. 

MY   OWN  ACQUAINTANCE  WITH  EXAMINERS. 

You  will  perhaps  wonder  how  it  is  that  I  have 
taken  such  an  interest  in  the  doings  of  this  gentry. 
The  fact  is  that  I  am  one  of  the  few  persons  who 
has  been  for  a  lengthy  period  in  the  position  of  an 
examiner  of  examiners.  In  the  post  which  I  held  in  the 
Civil  Service  Commission  for  nearly  fifteen  years,  it  was  my 
daily  task  to  consider  the  character  of  the  papers,  set  by  some 
of  the  highest  dignitaries  at  Oxford  and  Cambridge  and  other 
Tniversities,  to  candidates  for  posts  in  the  Encrlish  Civil  Ser- 
vice. I  had,  moreover,  to  investigate  the  marking  of  the 
written  answers  of  candidates,  and  to  say  whether  the  general 
results  appeared  to  me  to  be  fair  and  trustworthy.  You  need 
not  be  afraid  that  I  shall  reveal  any  prison  secrets.  I  am  not 
able  to  do  so.  The  whole  apparatus  of  the  examiners'  torture- 
chamber  is  safely  lodged  within  the  walls  of  Burlington  House 
and  cannot  be  produced  on  this  occasion.  Had  the  invitation 
to  deliver  this  address  been  forthcoming  at  an  earlier  date  I 
might,  indeed,  have  sent  for  the  instruments  which  I  used  on 
many  occasions,  and  have  laid  before  you  (of  course  without 
•  names  or  any  indications  which  could  assist  you  to  detect  the 
unfortunate  culprits)  the  testimony  of  guilt  which  was  sup- 
plied to  me  by  their  own  examination  results. 

GRAPHICAL  PRESENTATIQX  OF   KX.\MINERS'    RESULTS. 

Of  course  it  will  be  understood  that  there  are  good  as  well 
as  had  examiners;  and  that,  in  the  remarks  which  I  have  just 
made,  I  am  only  alluding  to  a  certain  small  proportion  of  the 
total  number  of  those  who  have  come  within  my  range  of  ob- 
servation. If  the  methods  of  good  examiners  are  compared 
fojarether,  it  will  be  found  that  they  tend  to  uniformity,  and  that 
their  results  have  certain  characteristics  in  common.  Whereas 
the  methods  and  results  of  bad  examiners  differ  from  one 
another  in  every  conceivable  way. 

GG 
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But  how  are  these  results  to  be  shown?  It  is  not  possible 
to  obtain  such  information  by  running  the  eye  down  the  totals 
awarded  to  candidates  in  the  mark  sheets.  Patient  study  will 
no  doubt  do  something,  but  where  figures  occur  irregularly  it 
is  hard  to  appreciate  their  import  without  definite  classification. 

I  remember  a  case  in  point.  One  of  our  newer  examiners 
had  made  a  crreat  flourish  as  to  his  capacity  for,  and  experience 
in,  adjudicating  on  handwriting.  I  handed  over  to  him  a 
batch  of  papers  written  by  a  large  number  of  candidates  for 
female  clerkships  in  the  Post  Office.  Up  to  that  time  he  had 
onlv  examined  men,  and  was  duly  impressed  at  being  asked  to 
mark  the  handwriting  of  the  other  sex.  "  The  work  of  ladies !  " 
he  exclaimed,  "  then  I  must  do  them  more  than  justice."  As 
a  matter  of  fact,  when  he  returned  the  papers,  I  was  convinced 
that  he  had  done  them  much  less  than  justice.  But  the  diflB- 
cultv  was  to  convince  my  Commissioners,  without  asking  them 
to  inspect  a  large  number  of  individual  papers,  that  the  dis- 
tribution of  marks  was  altogether  wrong.  So  I  drew  a  hori- 
zontal line  on  a  piece  of  paper  and  erected  vertical  lines  at 
equal  distances  along  this  base.  Candidates  who  had  received 
from  nothing  to  ten  marks  were  placed  upon  the  left-hand 
vertical  line  and  represented  by  dots   at    equal    spaces    apart; 

those  between  11  and  20  upon  the  second,  and  so  on;  the  final 
vertical  being  reserved  for  candidates  between  91  and  100. 

The  result  was  a  figure  of  this  sort  for  100  candidates 
(PI.  XXXVIII.),  showing  that,  though  the  average  mark  was  , 
nearly  50,  comparatively  few  candidates  received  an  award  of 
about  that  amount :  many  more,  for  instance,  obtaining  about 
thirty  or  about  eighty.  The  marks  were  rejected,  and  a  new 
examiner  appointed. 

This  was,  of  course,  a  rough  and  laborious  method.  In 
these  days  of  the  almost  universal  use  of  "  squared  "  papier,  all 
that  is  required  is  to  find  the  percentages  of  candidates  obtain- 
ing marks  between  the  limits  named,  and  to  mark  them  off  by 
counting  the  squares,  say  five  candidates  to  a  square.  If  the 
maximum  in  the  subject  is  not  100,  then  it  is  only  necessary  to 
reduce  the  marks  to  that  scale. 

By  joining  the  top  points  of  the  vertical  lines,  which  we 
call  ordinates.  the  characteristic  curve  of  the  examiner  is  ob- 
tained :  or,  what  is  even  more  satisfactory,  if  black  columns 
are  raised  on  the  bases  0  to  10,  11  to  20,  etc.,  to  show  the 
number  of  candidates  within  these  limits  of  marks, 
the  result  is  a  number  of  stepping-stones,  shown  in  silhouette^ 
and  rising  and  falling  in  general  harmony  with  the  curve. 
The  area  of  the  black  portion  dearly  represents  100  candi- 
dates, and  is,  therefore,  always  the  same,  however  the  candi- 
dates are  distributed.  The  base  line  is  called  the  line  of 
abscissae .  By  rounding  oft*  these*  steps,  so  as  not  to  interfere 
with  the  area  of  each  column,  we  please  the  eye  and  enable  it 
to  draw  inferences  with  greater  ease.     It  should  be  observed 
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that  the  number  of  candidates  is  not  given  any  long'er  by 
lieights.  The  method  of  representation  by  areas  will,  however, 
only  be  introduced  at  a  later  stage. 

APPLICATION   TO   SIMPLE   CASES. 

Before  dealing  with  complicated  examination  results,  I 
wish  you  to  consider  with  me  the  very  simplest  form  of  question 
which  could  be  proposed  to  candidates,  and,  with  the  aid  of  a 
diagram  such  as  has  just  been  exhibited,  to  fix  in  your  minds 
the  conclusions  at  which  we  arrive. 

In  the  first  place  I  will  suppose  that  an  examiner  asks  a 
hundred  candidates  a  question  to  which  the  only  reply  i» 
**  Yes  "  or  "  No,"  and  I  will  show  the  marks  obtained  for  that 
question  upon  the  diagram  before  you  (not  printed),  which  con- 
sists of  a  square  divided  by  horizontal  and  vertical  lines  into  a 
hundred  smaller  squares. 

If  the  question  were  infinitely  easy,  all  the  candidates 
would  answer  the  question  right  and  would  receive  full  marks. 
Each  vertical  space  representing  five  candidates,  and  each  hori- 
zontal space  ten  marks,  and  100  marks  being  given  for  a  cor- 
rect answer,  you  will  see  that  a  dot  placed  twice  as  high  as  the 
top  of  the  diagram  upon  the  right-hand  bounding  ordinate 
would  represent  the  distribution  of  the  candidates. 

But  now  suppose  that  the  question  were  infinitely  difficult 
instead  of  infinitely  easy.  In  this  case  you  might  think  that 
the  whole  number  of  candidates  would  leave  their  answer- 
papers  blank  and  obtain  nought.  The  dot  representing  their 
performances  would,  then,  be  placed  in  a  similar  position  upon 
the  left-hand  bounding  ordinate. 

That  would,  no  doubt,  be  so,  if  all  the  candidates  were  in- 
finitely conscientious.  But,  should  the  candidates  not  all  be  of 
this  type,  they,  or  their  private  tutors,  might  say :  "  If  a  ques- 
tion only  requires  the  answer  *  Yes '  or  *  No,'  it  will  be  best 
to  put  down  one  of  these  two  answers  at  random  on  the  chance 
that  it  may  be  right."  And,  on  the  supposition  that  all  the 
candidates  were  infinitely  unconscientious,  about  fifty  candi- 
dates would  say  "  Yes,"  and  about  fifty  "  No."  The  equality 
would  be  necessarily  absolute  if  we  were  considering  an  infi- 
nite number  of  candidates  and  reducing  to  a  percentage.  We 
shall  have,  therefore,  to  put  two  dots  at  the  two  top  corners  of 
the  diagram. 

In  this  connection  I  am  reminded  of  a  story  of  my  school- 
days, which  I  trust  that  you  will  forgive  me  for  interpolating 
here.  One  of  the  masters  had  been  lecturing  to  the  Sixth 
Form  for  some  weeks  on  the  Catiline  Conspiracy,  and  gave 
them  an  examination  paper  to  test  their  knowledge  of  this  por- 
tion of  Roman  history.  He  asked  some  such  question  as  "  Was 
Capsar  privy  to  the  death  of  Catiline?"  A  humorous  member 
of  the  class  simply  answered  "  No."  Being  dissatisfied  with 
the  results  of  the  examination,  the  master  told  his  bovs  to  read 
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up  the  period  once  more,  and  tlien  set  another  series  of  ques- 
tions, which  were  altogether  fresh,  except  that  he  again  in- 
serted in  the  paper,  "  Was  Caesar  privy  to  the  death  of  Cati- 
line ? "  The  same  boy  on  this  occasion  answered  "  Yes." 
Sent  up  to  the  head  master  on  account  of  these  two  monosylla- 
bic and  contradictory  replies,  the  boy  pointed  out  the  absurdity 
of  the  form  of  the  question  and  escaped  with  a  mild  rebuke. 
I  have  little  doubt  that  the  master  who  had  thus  complained 
of  his  outraged  dignity  heard  something  much  more  caustic 
from  his  chief  in  regard  to  his  capacities  as  an  examiner. 

But  let  me  pursue  this  study  of  the  infinitely  unconscien- 
tious candidate  (which  the  one  I  speak  of  was  not)  a  step 
further.  I  will  suppose  that  two  questions  are  set  instead  of 
one.  In  this  case  the  candidates  will  be  divided  into  four  equal 
groups :  those  who  answer  both  questions  right,  those  who 
answer  the  first  question  right  and  the  second  wrong,  those  who 
answer  the  first  question  wrong  and  the  second  right,  and  those 
who  answer  both  questions  wrong.  The  result  is  that  one- 
quarter  of  the  candidates  obtain  no  marks,  one-half  obtain 
half  marks,  and  the  remaining  quarter  full  marks.  This  is 
shown  on  the  diagram  by  three  dots,  of  which  the  middle  one 
is  raised  twice  as  high  from  the  base  as  the  two  extreme  dots. 

With  three  questions  the  relations  between  the  ordinates 
taken  in  order  are  1,  3,  3,  1 ;  with  four  questions  1,  4,  6,  4,  1: 
and  with  five,  1,  5,  10,  10,  5,  1.  In  each  case  the  ordinates 
are,  in  mathematical  language,  proportional  to  the  coefficients 
in  the  binomial  expansion  of  corresponding  degree. 

You  will  see  that  the  dots  begin  to  form  a  regular  curve, 
but  its  shape  is  not  clearly  marked  in  the  earlier  stages.  By  the 
time  the  number  of  questions  is  as  many  as  five  (PI.  XXXIX.) 
the  curve  is  not  unlike  the  curves  that  are  produced  by  many 
examiners  who  set  good  questions  and  are  engaged  in  marking 
candidates  who  are  quite  conscientious.  The  remarkable 
thing,  then,  is  that  it  is  possible  for  an  examiner  setting  a  few 
infinitely  difficult  questions  to  infinitely  unconscientious  can- 
didates to  obtain  a  curve  which  will  not  condemn  him  out  of 
hand. 

I  wish,  however,  to  show  you  the  curves  that  he  would 
obtain  if  he  set  ten  or  twenty  such  questions.  You 
will  notice  how  the  likeness  to  a  gendarme's  hat  disappears, 
and  how  much  more  like  a  steeple  the  curve  becomes.  It  may 
safely  be  said  that  the  form  of  curve  we  are  reaching  is  one 
that  should  be  shown  by  no  good  examiner's  results. 

If  the  number  of  questions  were  infinite,  the  curious  result 
is  obtained  that  the  two  portions  of  the  curve  merge  in  the  base 
line  and  in  the  middle  vertical  line,  while  the  area  enclosed 
retains  a  finite  value.  In  fact,  according  to  the  doctrine  of 
probabilities,  all  but  an  infinitesimal  percentage  of  candidates 
must  answer  half  the  questions  right  and  half  wrong,  since  they 
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know  nothing  about  any   of  them,   and   have   simply   to   say 
^'  Yes  "  or  "  No  "  at  random. 

I  may,  perhaps,  point  out  that  it  is  not  necessary  to  assume 
that  the  questions  are  all  infinitely  difficult  in  this  part  of  our 
investigation.  I  have  done  so  in  order  to  preserve  the  concep- 
tion, which  is  essential  to  my  treatment  of  the  subject,  that 
the  candidates  are  of  all  degrees  of  ability.  But  I  may  still 
retain  this  idea,  and  yet  suppose  the  questions  to  be  of  finite 
difficulty,  if  I  make  an  assumption,  which,  for  the  sake  of  my 
own  safety,  I  hasten  to  add,  is  purely  hypothetical  —  that 
examiners  are  infinitely  foolish.  That  is  to  say,  we  are  to 
suppose  that  they  set  questions  which  candidates  can  answer 
more  or  less  rightly  from  their  own  knowledge;  but  we  are 
further  to  suppose  that  the  examiners  themselves  do  not  know 
whether  the  answer  is  right  or  wrong,  and  give  their  award  of 
full  marks  or  nothing  at  random.  The  type  of  curve  would  then 
be  obviously  the  same  as  that  which  we  have  just  considered. 

Now,  though  this  supposition  is  absurd,  I  should  like  to 
warn  young  examiners  in  passing  against  the  temptation  of 
setting  questions  for  effect  (i.e.,  to  produce  a  brilliant  examina- 
tion paper  trhich  they  can  hand  round  to  their  friends) 
without  any  clear  conception  of  what  they  would  be  prepared 
to  accept  as  a  sufficient  answer.  To  defeat  this  we  used  often  to 
ask  exaitiiners  for  full  solutions  to  their  own  questions. 

There  continued  to  be  a  tradition  in  my  time  at  Cambridge 
that,  in  the  year  in  which  Lord  Kelvin  was  second  wrangler ,^ 
several  of  the  questions  in  the  Mathematical  Tripos  referred  to 
vast  and  difficult  problems,  the  solution  of  which  he  had  com- 
municated, while  still  an  undergraduate,  to  the  Royal  Society. 
He  was  tempted  to  treat  these  at  great  length,  and  with  all 
the  newer  developments  which  had  occurred  to  him  since.  His 
more  agile  competitor  for  the  position  of  Senior  Wrangler  had 
assimilated  the  bare  results,  as  published  in  the  Transactions  of 
that  Society,  and,  putting  them  down  in  a  brief  form,  obtained 
a  lonper  time  for  the  other  questions,  and  so  secured  the  coveted 
position. 

CURVES  CHARACTERISTIC  OF  VARIOUS  EXAMINERS  AND  SUBJECTS. 

Now  that  you  are  somewhat  accustomed  to  the  consideration  of 
examiners'  results  in  connection  with  a  diagram,  I  will  introduce 
you  to  various  types  of  curves  characteristic  of  different  exami- 
ners and  subjects.  It  is  at  this  point  that  I  most  regret  the 
absence  of  the  hundreds  of  curves  which  I  have  at  home,  as  I 
am  sure  that  we  should  all  enjoy  discussing  actual  rather  than 
hypothetical  results.  However,  my  eye  has  so  long  been  accus- 
tomed to  the  forms  of  these  curves  that  their  general  features 
may  be  relied  upon. 

One  of  the  simplest  cases  to  consider  is  an  examination  in 
English  Composition.  As  a  rule  the  examiner  reads  through 
the  candidate's  work,  noting  incidentally  mistakes  in  grammar 
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or  orthography,  but  not  penalising  by  separate  marks  each  error 
of  this  kind.  At  the  end  of  his  perusal  he  tries  by  a  single 
effort  of  mind  to  assign  a  mark  to  the  candidate's  work,  taking 
into  consideration,  in  that  effort,  both  matter  and  style.  When 
the  curve  is  plotted  out,  it  usually  takes  forms  such  as  these 
(PI.  XL.).  The  better  the  examiner,  the  more  dome-like  the 
top,  and  the  worse  the  examiner,  the  more  pointed. 
You  will  observe  how  closely  this  curve  resembles  certain  stages 
of  the  one  that  we  have  already  considered,  but  for  the  present 
I  do  not  wish  to  dwell  upon  that  similarity. 

In  handwriting  the  examiner  has  to  consider  the  clear 
formation  of  each  letter  of  the  alphabet,  and  a  number  of  other 
points  to  which  I  need  not  now  allude ;  but,  as  in  the  subject 
just  considered,  he  has,  at  the  last,  to  determine  the  candidate's 
marks  by  a  single  effort  of  mind.  Accordingly,  you  will  not  be 
surprised  to  hear  that  the  form  of  the  curve  closely  resembles 
that  for  English  Composition,  the  best  examiners  spreading  the 
candidates  furthest  apart. 

In  both  these  subjects,  namely    English  Composition  and 

Handwriting,  it  has  been  found  by  experience  that  the  marks 

of  two  examiners  are  needed  in  order  to  produce  a  satisfactory 

result.     The  curve  representing  the  mean  of  two  examiners  is 

shown  on  the  diagram. 

Let  us  take  next  a  Dictation  paper.  Suppose,  for  the  sake 
of  simplicity,  that,  without  considering  minor  defects,  the 
examiner  makes  a  certain  deduction  for  each  mistake  in  spelling. 
The  form  of  curve  in  this  case  (PI.  XLI.)  is  startlingly  unlike 
that  which  precedes  it. 

To  complete  the  elementary  subjects,  I  will  now  show  you 
curves  in  Arithmetic.  The  first  (PI.  XLII.)  which  I  place 
before  j^ou,  refers  to  what  is  known  as  a  *^Test*'  Arithmetic ;  that 
is,  a  large  number  of  easy  questions  which  require  a  knowledge 
of  the  usual  rules,  and  accuracy  and  rapidity  of  calculation,  but 
which  do  not  tax  the  reasoning  powers  to  any  considerable 
extent. 

In  all  competitive  examinations  of  any  importance  a 
Higher  Arithmetic  paper  is  also  set.  This  paper  is  often  **  stiff,*' 
requiring  ingenuity  of  mind,  and  a  sound  grasp  of  the  princi- 
ples of  Arithmetic  rather  than  accurate  or  rapid  calculation,  for 
its  solution.  The  general  form  of  the  curve  is  that  which  I  now 
show  (PI.  XLII.). 

Freehand  Drawing  also,  in  the  hands  of  some  examiners,  is 
represented  by  curves  of  special  shape.  As  a  general 
rule  the  form  in  this  subject  approximates  to  the  form  of  the 
curve  for  English  Composition  or  Handwriting,  since  the  value 
of  the  drawing  has  to  be  ascertained  by  a  single  effort  of  judg- 
ment. But  I  have  known  an  instance  in  which  the  curve 
merged  into  a  horizontal  straight  line  across  the  paper.  It  is 
interesting  to  notice  that  this  result  was  arrived  at  by  a  reaction 
from  the  tendency  to  group  candidates  too  closely.    The  examiner 
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in  question,  being  aware  liow  difficult  it  was  to  separate  liis  can- 
didates, adopted  the  course  of  spreading  out  tbe  drawings  on  a 
very  large  table,  and  continually  shifting  their  position  until  he 
had  obtained  what  he  considered  their  proper  order  of  merit, 
when  he  gathered  them  up  in  order.  If  there  were  100  papers, 
he  then  asigned  one  mark  to  the  lowest  in  the  bundle  and  100 
to  tbe  highest.  It  is  thus  clear  that  he  placed  ten  candidates 
upon  each  ordinate. 

The  other  instance  I  shall  give  is  that  of  Geometrical  Draw- 
ing. You  will  see  that  the  candidates  are  well  spread 
out  and  that  the  curve  is  much  (loser  to  the  form  of  a  gen- 
darme's hat  than  any  I  have  yet  shown  you.  It  may  be  of 
interest  to  you  to  know  that  Professor  llele-Shaw,  who  is  at 
present  doing  such  admirable  work  for  the  Transvaal  Technical 
Institute,  used  to  act  occasionally  as  an  examiner  under  the 
Civil  Service  Commissioners  in  this  subject,  and  that  his  curves 
invariably  tended  to  assume  the  form  before  you. 

KESEMBLAXCE    OF    CUKVE    OBTAIXED    BY    BEST    EXAMIXERS    TO 

CI  KVE  OF  PBOBABILITIES. 

You  have  now  seen  a  sufficient  number  of  curves 
of  different  shapes  to  make  you  understand  the  diffi- 
culties that  presented  themselves  to  me  as  soon  as 
I  began  to  **  plot "  the  results  of  examiners  from  their  mark 
sheets.  Until  this  had  been  done  it  was  impossible  to  analyse  the 
character  of  the  marking,  even  after  hours  of  study  of  the  mark 
sheets  themselves.  But  as  soon  as  the  graphical  representation 
had  been  arrived  at,  the  whole  mutter  was  simplified.  It  was 
<mly  necessary  to  determine  whether  there  was  any  special  form 
of  curve,  to  which  the  many  varieties  that  have  been  placed 
before  you  ought  to  tend,  or  whether  each  subject,  and  even  each 
examiner,  might  be  properly  represented  bv  a  different  curve. 

I  very  soon  became  convinced  that  there  was  a  tendency 
among  the  best  examiners  in  many  subjects  to  obtain  results 
which  gave  the  graphical  form  tliat  I  have  shown  you  last, 
namely,  the  gendarme's  hat. 

This  form  is  one  which  is  recognised  by  mathematicians  as 
belonging  to  the  so-called  Curve  of  **Errors.''  I  can  best  illus- 
trate what  is  meant  by  this  curve  by  supposing  that  some 
person  in  this  room,  experienced  in  the  use  of  fire-arms,  were 
asked  to  fire  shots  at  a  paper  larget  on  which  a  vertical  straight 
line  had  been  drawn  as  the  mark  to  be  aimed  at.  After  a  large 
number  of  shots  had  been  fired,  vou  would  find  that  the  holes  in 
the  target  were  arranged  in  about  equal  numbers  on  either  side 
of  the  line,  and  that  very  few  had  actually  hit  the  nmrk.  If  the 
distance  of  each  shot  from  the  centre  line  were  measured  and 
entered  on  a  table,  we  should  find  so  many  falling  within  one 
inch  of  the  line,  so  many  between  one  inch  and  two 
inches,  and  so  on.  The  curves  now  placed  before  you  (PI. 
XLIII.)  are  produced  by  showing  the  number  of  shots  falling 
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within  one  inch  on  one  side  as  an  area  bounded  by  itself  and 
the  base-line  at  top  and  bottom,  and  by  the  centre  line,  and 
ordinate  erected  one  inch  from  that  line,  as  sides.  Similarly 
the  area,  showing  the  number  between  one  and  two  inches,  ha& 
sides  bounded  by  the  ordinates  at  one  and  two  inches  from  the 
centre  line,  and  so  on. 

Now     I     show     you     a     second     curve,     in     which     the 
pistol    has    been    put    into    the    hands    of    an    inexperienced 
person.     You  will  at  once  perceive  that  these  two  curves  are 
familar  to  you.    The  curve  of  the  good  shot  resembles  the  curve 
of  the  bad  examiner,  and  the  curve  of  the  bad  shot  the  curve  of 
the  good  examiner.     I  think  you  will  spare  me  giving  you  the 
mathematical  equation  of  this  curve,  although  many  of  the 
theorems  and  problems  connected  with  it  are  extremely  inte- 
resting.    In  preparing  my  paper  to-day  I  have  had  to  consider 
some  of  these  questions  from  a  mathematical  point  of  view,  and 
in    doing    so     I     have     had    the     inestimable     advantage     of 
the     assistance     of     Miss     Fawcett.       I     do     not,     however, 
propose  to  weary  you  with  the  mathematical  treatment  of  the 
subject ;  but  one  result  deserves  consideration,  because  it  is  at 
the  root  of  all  the  properties  of  this  curve.    If  we  allow  the  two- 
sets  of  shots  to  be  fired  at  one  target,  and  classify  them  as 
before  (dividing  each  total  by  two,  since  the  number  of  shots  is 
doubled),  we  shall  obtain  a  curve  of  the  same  family  as  the 
component    curves.       However,    many    times    the    process    is. 
repeated,  each  marksman  will  obtain  his  identical  curve — on 
the  supposition  that  he  does  not  improve  owing  to  practice — 
and  of  course   the  resultant   curve  due   to  both   sets   will   be 
repeated  also. 

Instead  of  taking  only  two  performers  with  the  pistol  of 
unequal  merit,  we  may  bring  within  our  view  a  considerable 
iiumbtM*,  in  an  ascending  or  descending  scale  of  accuracy,  and 
trace  upon  one  sheet  a  series  of  these  curves. 

In  each  of  these  curves  it  should  be  noticed  that  the  extreme 
portions  never  touch  the  base  line,  but  they  approach  closer  and 
closer  to  that  line,  so  that  the  area  enclosed  in  any  case  between 
it  and  the  curve  in  question  depends  practically  upon  a  portion 
on  each  side  of  the  middle  ordinate,  which  is  at  a  measurable 
distance  from  that  ordinate.  Where  the  practice  is  accurate, 
the  portion  of  the  whole  figure  that  may  be  safelj'  excluded  in 
calculating  the  area  is  much  larger  than  in  the  cases  where  the 
shooting  is  wild. 

A  measure  of  the  accuracy  of  the  marksmen  is  obtained  by 
drawing  an  ordinate  to  divide  into  ecjual  parts  the  half  area  to. 
the  right  or  left  of  the  middle  ordinate,  and  estimating  the 
distance  between  these  two  ordinates. 

The  whole  area  under  consideration  represents  the  total 
number  of  shots,  and  is  therefore  the  same  in  the  case  of  each 
curve.  For  the  sake  of  simplicity  we  may  suppose  that  100  shot^ 
are  fired.     It  is  not  true  that  that  number  of  shots  will  in  any 
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rase  give  the  exact  curve.  We  should  only  obtain  its  precise 
form  by  firing  an  infinite  number  of  shots  and  then  i-educing 
the  whole  to  a  percentage.  But  for  the  sake  of  simplicity  in  our 
argument  we  will  talk  of  100  shots  as  the  number  that  has  been 
fired,  and  say  that  the  area  is  proportional  to  that  number.  We 
see,  then,  that  all  the  areas  enclosed  by  each  of  these  curves 
respectively  and  the  base  line  are  equal.  And  this  gives  us  a 
way  of  plotting  any  one  of  the  series  if  a  single  curve  has  lieen 
drawn.  It  is  only  necessary  to  suppose  the  curve  to  be  stretched 
to  a  certain  extent  in  either  the  horizontal  or  vertical  direction 
and  to  be  contracted  to  a  proportionate  extent  in  the  other 
direction,  in  order  to  pass  to  another  curve  of  the  series.  In 
fact,  if  one  of  the  curves  were  painted  on  a  stretched  india- 
rubber  sheet,  all  the  other  curves  could  be  got  from  it  by 
pulling  the  sheet  in  one  direction  and  slacking  it  oflf  in  the 
other. 

Another  plan  would  be  to  bend  a  loop  of  wire  into  the  form 
of  one  of  the  curves,  and  to  place  a  lamp  behind  it  so  as  to  throw 
the  shadow  upon  a  screen.  The  loop  and  lamp  might  easily  be 
made  to  move  in  such  a  manner  that  the  shadows  in  the 
successive  positions  gave  the  whole  series  of  curves. 

You  will  notice  the  points  which  show  the  intersection  of 
neighbouring  curves  with  one  another.  These  produce,  if 
joined,  what  is  called,  in  mathematical  language,  the  envelope 
of  the  family  of  curves.  In  this  case  it  is  a  rectangular  hyper- 
bole. 

CANDIDATES     DISTRIBUTED    ABOUT    MEAN     CANDIDATES     ACCORDING 

TO   LAW   OF   rKOBABILITIES. 

Now,  instead  of  our  performers  with  the  pistol,  let 
us  take  the  case  of  a  series  of  examiners.  As  soon 
as  I  had  observed  that  the  curves  of  good  examiners  tended  to 
approximate  to  the  curve  of  errors,  I  cast  about  for  the  reason 
of  this  similaritv.  It  is  not  far  to  seek.  If  we  consider  one 
particular  candidate  as  the  mean  candidate,  that  is  a  candidate 
such  that  there  are  as  many  above  him  as  below  him,  we  shall 
see  how  natural  it  is  that  the  candidates  should  group  them- 
selves about  this  central  figure  as  the  pistol  shots  about  the 
mean  shot.  It  is  clear  that  the  curve  of  the  good  examiner 
should  resemble  the  curve  of  the  bad  shot.  The  object  of 
examination  is  to  separate  the  candidates  from  one  another  as 
widely  as  is  permissible  under  the  given  conditions,  while  the 
object  of  the  target-practice  is  to  get  as  many  shots  near  the 
central  line  as  possible. 

And  here  we  come  to  a  most  important  limitation.  You 
have  already  noticed  that  the  curves  we  have  been  considering 
never  touch  the  base  line,  that  is  to  say  that,  given  a  sufficient 
number  of  candidates,  there  will  always  be  one  or  two  removed 
to  an  extraordinary  degree  from  the  bulk  of  their  fellows.  But 
the  examiner  is  obliged  to  give  marks  within  certain  limits. 
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which  he  fixes  arbitrarily  as  0  and  100.  If  he  were  to  place  his 
zero  point  at  a  vorj*  great  distance  from  the  middle  point,  repre- 
senting 50  marks,  he  would  be  able,  no  doubt,  to  make  allow- 
ance for  extraordinary  candidates;  on  the  other  hand,  the  bulk 
of  the  candidates  would  be  placed  so  close  together  that  he  would 
not  be  able  to  distinguish  between  them  in  any  satisfactory 
manner.  He  is  therefore  bound  to  choose  points  such  that  the 
areas  enclosed  between  the  base  line  and  the  curve  which  lies 
beyond  those  points  are  very  small  compared  with  the  ai-eas  up 
to  the  middle  line.  All  the  candidates  beyond  those  points  must 
be  considered  as  having  either  nought  or  full  marks. 

Now  you  will  see,  I  think,  how  an  examiner  in  English 
Composition,  especially  if  he  is  a  University  man  who  has 
become  acquainted  with  the  finest  examples  of  literature,  tends 
to  get  a  very  steep  form  of  (Uii-ve  (PI.  XL.),  lie  looks  at  some 
one  paper,  which  differs  to  a  considerable  extent  as  regards  both 
style  and  matter  from  the  mean  paper,  and  says  "This  paper 
should  have  80  marks  at  least."  But  then  he  thinks,  perhaps 
unconsciously,  **lLow  do  I  know  that,  before  finishing  the  pile  of 
papers  before  me,  I  shall  not  find  a  budding  Milton  or  Addison 
or  Charles  Lamb  ?  If  I  give  this  candidate  80  marks,  shall  I  be 
able  to  assign  its  true  value  to  a  composition  of  such  extraordi- 
nary merit  ?"  So  he  only  awards  60  marks  to  the  composition, 
and  finds  almost  certainly,  when  he  come  to  the  end  of  his  pile, 
that  no  candidate  has  received  any  mark  near  100.  It  is  too  late 
now  to  begin  marking  the  papers  all  over  again,  and  accordingly 
he  sends  in  returns  which  do  not  serve  to  distinguish  between 
the  candidates  in  English  Composition  to  the  same  extent  as 
they  are  distinguished  in  Geometrical  Drawing,  for  example. 
The  result  is  that  a  good  candidate  in  the  former  subject  is 
treated  unfairly  as  compared  with  a  good  candidate  in  the 
latter  subject. 

Again,  we  see  why  the  curve  (PI.  XLI.)  in  the  case  of  a 
dictation  paper  is  so  abnormal.  It  is  owing  to  the  system  of 
deductions.  If  10  marks  are  taken  off  for  each  mistake,  all  can- 
didates having  more  than  ten  errors  receive  no  marks,  whereas, 
if  we  were  to  assign  negative  marks,  the  curve  of  errors  would 
almost  certainly  be  reproduced,  the  mean  ordinate  being  below 
the  zero  point.  The  divergence  which  you  perceive  near  the 
point  representing  full  marks  is  due  to  there  being  a  good  many 
candidates  who  make  no  important  mistakes.  If  minor  defects, 
such  as  refinements  of  punctuation,  were  considered,  and  the 
scale  stretched  beyond  100,  this  divergence  would  also  dis- 
appear. 

It  is  manifest,  now,  that  the  straight  line  drawn  across  the 

diagram     to     represent     the     result     in     freehand     drawing 

shows   that    the    examiner's    marking    was    wrong.       On    any 

natural  hypothesis  as  to  the  candidates'  powers  this  could  only 

represent  the  dome  of  the  curve,  and  we  should  have  to  suppose 
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in  addition  an  immense  number  of  candidates  who  obtained 
more  than  full  marks  and  less  than  zero  respectively. 

The  curves  in  the  two  types  of  Arithmetic  papers  (PI. 
XLII.)  are,  in  the  same  way,  only  uncompleted  forms  of 
the  curve  of  errors,  and  may  be  said  to  correct  (me  another  when 
the  marks  of  each  candidate  are  added  to  give  his  total  in  the 
subject.  This  is  not,  however,  exactly  true.  If  we  were  con- 
sidering the  perfect  curves  of  error  which  onlj'  differed  owing  to 
the  displacement  of  the  whole  figure  in  one  direction  or  the 
other  about  the  middle  vertical  line,  the  combined  curve  would 
«till  belong  to  the  same  family.  But  each  of  these  curves 
becomes  truncated  and  disfigured  eitlier  at  tlie  right-  or  left- 
hand  bounding  ordinate.  I  cannot  pursue  this  (juestion  further, 
hut  it  maj'  introduce  important  limitations  in  regard  to  the 
perfect  accuracy  of  the  method. 

Finally,  iVeturn  to  the  first  form  of  all  (PI.  XXXVIII.) 
which  I  showed  vou—  the  form,  vou  will  remember,  of  the  exam- 
inerwho  was  anxious  to  do  mort  than  justice  to  his  lady  exam- 
inees. Its  two  horns  would  suggest,  in  the  case  of  a  pistol  shot,  that 
the  marksman  had  aimed  alternately  at  each  of  two  vertical  lines. 
May  not  the  explanation  in  this  case  be  that  the  examiner  forgot 
during  certain  periods  of  his  work  that  he  was  marking  the 
handwriting  of  women,  and  treated  the  papers  then  examined  as 
severely  as  he  would  have  treated  men's  papers?  Then,  remem- 
bering the  fair  candidates  with  which  he  was  dealing,  may  he 
not,  at  other  periods,  have  taken  a  mean  standard  of  writing  of  a 
lower  kind,  such  as  he  considered  appropriate  to  the  sex? 

APPLICATIOX    OF    THIS     SIMILARITY     IX     FORM     OF     CURVE    TO 
IMPROVEMENT   OF    EXAMINERS'    MARKING    AND    rAFEKS. 

The  problem  which  presented  itself  at  this  stage 
was  how  to  bring  these  very  different  results  into  some 
accord.  In  order  to  give  equal  weight  to  various  sub- 
ject«  having  the  same  maximum,  it  seemed  to  me 
necessary  that  the  examiners  should  have  a  common  standard  to 
workup  to.  Accordingly,  during  the  latter  period  of  my  connec- 
tion with  the  Civil  Service  Commission,  I  caused  such  a  diagram 
as  has  been  placed  before  you  to  be  printed  on  the  sheet  con- 
taining the  examiner's  report  of  his  work.  On  that  diagram, 
also,  was  printed  a  curve  such  as  the  one  I  am  now  indicating, 
resembling  a  moderate-sized  gendarme's  hat.  If,  as 
often  happened,  the  examiner  had  1,000  papers  to  mark,  he  was 
requested  to  go  through  a  batch  of  100,  taken  at  hazard,  and  to 
plot  his  curve  upon  the  diagram.  After  a  few  examinations  an 
old  hand  would  probably  find  that  his  curve  for  the  first  100 
resembled  closelv  the  standard  curve  before  him,  but  a  fresh 
examiner  might  find  himself  altogether  beside  the  mark.  In 
«uch  a  case  he  was  asked  to  put  aside  the  first  100  papers  and  to 
hegin  marking  the  fresh  papers  on  such  different  lines  as  would, 
in  his  judgment,  produce  an  approxin>«tion  to  the  normal  cui-ve. 
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On  the  supposition  that  he  had  achieved  that  i-esiilt  for  the 
second  100,  and  continued  to  find  that  his  curve  was  pretty  con- 
stant for  the  third  100,  fourth  100  and  so  on,  he  was  asked  at 
the  end  of  all  the  papers  to  re-mark  the  first  100. 

You  might  imc^gine  that  many  examiners  disliked  havings 
to  place  themselves  upon  this  bed  of  Procrustes,  but  in  the  gene- 
rality of  eases  it  was  not  so.  They  positively  took  a  delight  in 
examining  themselves.  The  process  became  one  of  self-educa- 
tion in  marking. 

Before  leaving  this  part  of  my  subject  I  should  like  to- 
warn  you  that  certain  causes,  which  an  examiner  cannot  always. 
control,  may  make  it  diflBcult  to  obtain  such  an  ideal  curve  as  I 
have  shown.  It  is  not  possible  for  me  to  enter  fully  into  this, 
part  of  the  subject,  but  I  will  point  out  one  cause  at  least  that 
he  can  control — I  mean  the  examination  paper. 

Good  marking  will  not  compensate  for  a  bad  paper.  Every 
candidate  must  have  his  chance,  in  some  question  or  other. 
Otherwise  the  examination  is  like  a  hurdle  race  in  which  the 
hurdles  are  so  high  that  a  considerable  number  of  candidates 
find  themselves  stopped  from  reaching  the  goal  at  all. 

The  curve,  in  such  a  case,  tends  to  assume  a  shape  of  this, 
kind,  mounting  very  rapidly  to  the  zero  line  (PI.  XLI.) — just 
the  curve,  in  fact,  which  we  have  already  seen  in  connection 
with  a  dictation  paper.  In  this  instance  it  is  not  the  markings 
which  is  wrong,  but  the  examination  paper. 

Accordingly,  I  found  in  practice  that  it  was  neccessary  to- 
point  out  to  examiners,  before  ever  their  papers  were  proposed 
m  manuscript,  that  they  ought  to  divide  the  questions  roughly 
into  (say)  three  portions,  of  which  one  portion  could  be  an- 
swered by  candidates  of  inferior  power,  a  second  should  be 
within  the  range  of  mediocre  candidates,  and  a  third  only  pos- 
sible to  candidates  who  might  be  classed  as  good  to  excellent. 
The  result  of  these  directions  was  that  examiners  soon  found 
little  difficulty  in  spreading  out  their  candidates  in  the  desired 
way.  In  setting  their  questions  they  had  before  their  eyes  the- 
little  gendarme's  hat. 

Among  the  causes,  beyond  the  control  of  the  examiner^ 
which  may  interfere  with  the  formation  of  his  curve,  we  must 
reckon  as  in  the  first  rank:  (1)  such  a  small  number  of  candi- 
dates as  does  not  give  fair  play  to  the  law  of  probabilities;  (2) 
any  selection  of  candidates  by  a  preliminary  examination  or 
other  means. 

With  regard  to  the  causes  just  named,  I  will  only  say  that 
it  has  been  found  that  the  method  can  be  applied  successfully 
when  there  are  not  less  than  one  hundred  candidates,  and  that» 
even  below  that  number,  the  curve,  though  irregular  in  forma- 
tion, gives  us  very  useful  information  as  to  an  examiner's  capa- 
cities. With  regard  to  the  second  cause,  a  great  deal  can  be- 
done  to  produce  a  satisfactory  curve  by  setting  such  questions- 
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in  the  further  papers  as  are  only  addressed  to  the  candidates 
who  remain  after  the  preliminary  sifting. 

APPLICATION   OF   THE   CUllVE   OF   PllOBABILITIES    OUTSIDE   THE 

EXAMINATION  ROOM. 

I  trust  that  I  have  now  fulfilled  the  promise  with 
which  I  started,  namely,  to  show  you  how  examiners 
themselves  may  be  examined.  And  not  only  this,  but  you  will 
understand  that  it  is  possible  to  educate  examiners  so  as  to 
enable  them  to  form  a  much  more  accurate  and  sustained  judg- 
ment of  candidates  than  would  have  been  within  their  power 
-vrithout  such  preliminary  guidance. 

By  dwelling  so  much  upon  this  particular  application  of  the 
<;urve  of  probabilities,  I  trust  that  I  have  not  altogether 
diverted  your  attention  from  the  more  general  aspects  of  its 
usefulness.  We  are  most  of  us  very  bad  examiners  of  the 
phenomena  that  comes  before  us;  bad  judges  of  people,  and  bad 
judges  of  events.  Any  method  that  will  enable  us  to  find  out 
our  own  deficiencies  in  these  respects  and  to  correct  them  cannot 
but  be  of  the  greatest  assistance. 

Who  does  not  know  the  would-be  critic  of  human  natuie 
who  is  almost  unable  to  distinguish  between  moral  qualities, 
and  in  whose  eyes  actions  are  neither  black  nor  white,  but  of  an 
almost  indistinguishable  grey?  Such  an  examiner  of  character 
would  assign  marks  ranging  between  (say)  40  and  60  to  all 
persons  with  whom  he  had  to  deal,  and  his  curve  would  be  of 
that  steeple-like  formation  which  we  have  learned  to  distrust. 

Or  again,  there  is  the  man  who  judges  strongly  of  particu- 
lar deeds,  but  does  not  admit  into  his  view  a  sufficient  number 
to  accurately  gauge  the  character  of  the  person  under  scrutiny. 
He  resembles  the  bad  examiner  who  sets  a  single  question,  to 
which  **Yes"  or  **Xo"  is  the  only  reply,  and,  in  dealing  with  the 
unconscientious  people  of  this  world,  he  is  liable  to  make  the 
gravest  errors.  With  him  everyone  is  at  one  end  of  the  scale, 
or  the  other,  and  receives  no  marks  or  one  hundred. 

If  some  of  you  who  are  present  here  to-day  would  take  the 
trouble  to  mark  the  persons  with  whom  you  come 
into  contact  in  such  a  manner  as  I  have  indicated, 
the  process  might  reveal  to  you  strange  aberrations 
in  your  judgment  as  soon  as  you  began  to  reduce 
^our  estimated  marks  to  a  curve.  May  I  suggest  that 
such  mark  sheets,  indicating  the  moral  value  of  your  acquaint- 
ances, should  be  destroyed  at  once,  or  that  the  candidates  should 
lie  known,  as  in  Civil  Service  examinations,  by  numbers  alone? 

And  the  diflference  between  people  is  not  less  profound  in 
their  estimate  of  the  importance  of  events.  There  are  those  who 
think  that  every  occurrence  is  the  crisis  of  their  lives,  who 
gather  themselves  up  to  clear  the  obstacle  and  who  pant  after  it 
is  past.  There  are  others  who  go  through  life  without  realising 
that  they  have  had  a  share  in  any  important  event  at  all ;  who 
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have  achieved  or  who  have  missed  great  opportunities,  and  who 
will  tell  you  that  such  and  such  a  combination  of  circumstances 
was  not  in  the  least  extraordinary,  and  that  their  own  action  at 
the  time  did  not  present  any  points  of  interest.  If  we  could 
step  out  of  our  lives,  as  it  were,  for  a  short  time,  and  give  marks 
to  the  events  that  have  happened  in  them,  I  believe,  again,  that 
we  should  get  a  knowledge  of  our  own  weaknesses  of  judgment 
that  would  be  of  inestimable  service  to  us  in  the  future. 

The  faculty  in  the  human  mind  that  seems  most  concerned 
with  the  estimation  of  probabilities  is  common-sense.  It  is,  I 
believe,  the  quality  which  enables  us  to  arrange  people  and 
their  actions,  and  the  events  that  concern  us  and  other  people^ 
according  to  the  ideal  curve  that  I  have  shown  you.  I  can 
certainly  say  this,  that,  in  choosing  examiners  in  the  narrower 
sense,  the  first  quality  that  I  look  out  for  is  not  profundity  of 
scholarship  or  brilliancy  of  imagination,  but  common-sense.  In 
its  higher  manifestations  this  quality  is  as  unusual  as  any  other 
of  the  great  gifts  of  the  mind,  but  we  can,  by  education,  do 
much  to  cultivate  it,  and  if  I  have  suggested  to  you  to-day  a 
means  by  which  that  end  can  be  accomplished,  I  shall  have 
done  much  more  than  enable  you  to  retaliate  on  an  unfortunate 
set  of  beings,  who  are  no  more  likely  to  misjudge  you  in  the 
examination  room  than  others  are  to  misjudge  you  in  the  world 
at  large. 
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Plate  XXXVIII.— Wrong  distribution  of  marks. 

Platk  XXXIX.— "Yes  ^'  and  -No"  curves. 

Plate  XL. — English  composition  curves, 

Plate  XLL— Curve  for  dictation. 

Plate  XLII. — Arithmetic  curves. 

Plate  XLIII. — Curves  showing  pistol  pi-actice. 
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which  he  has  certainly  never  seen  before,  and  which  he  is  not 
likely  to  see  again  except  in  the  laboratory. 

And  so  it  is  with'mpst  of  the  other  types  on  which  he 
works;  they  are  provided  for  him  out  of  a  bottle,  or  brought  to 
him  by  the  laboratory  attendant,  and  he  never  has  an  oppor- 
tunity of  seeing  any  of  them  in  their  natural  conditions  and 
environment.  They  are  either  preserved  or  stained  or  cut  into 
sections  and  mounted  for  microscopic  examination. 

It  is  not,  however,  that  I  wish  to  condemn  the  type  system 
of  teaching  biology  altogether.  It  has  many  admirable  points; 
it  is  definite,  systematic,  and  an  excellent  school  to  accuracy  of 
observation,  as  well  as  training  the  hand  in  neatness,  and  when 
the  course  is  finished  the  student  should  have  obtained  a  very 
good  grasp  of  the  evolution  of  the  animal  and  vegetable  king- 
dom through  all  its  various  modifications  and  complexities; 
but  I  should  like  to  see  superadded  to  the  strict  laboratory 
work  a  certain  amount  of  nature  study,  which  though  less  defi- 
nite and  doubtless  more  difficult  to  teach,  would  tend  to  develop 
in  the  pupil  a  love  of  nature  and  out-door  study. 

This  is  what  the  modern  morphologist  lacks  as  a  rule.  Un- 
less an  animal  has  some  bearing  on  an  evolutionary  or  morpho- 
logical problem,  he  takes  but  little  interest  in  it. 

My  special  interest  in  the  subject  of  nature  study  is,  I  fear, 
not  altogether  unselfish.  I  am  not  so  much  thinking  of  the 
training  of  the  pupil  as  of  the  results  which  may  be  achieved 
in  a  country  like  South  Africa. 

In  preparing  my  series  of  hand-books  on  the  fauna  of 
South  Africa  I  have  been  very  much  struck  by  the  lack  of  know- 
ledge and  of  recorded  observations  in  regard  to  the  mammals 
und  birds  of  South  Africa,  and  it  is  my  hope  that  if  some  sort  of 
course  of  nature  study  were  introduced  into  South  African 
schools  there  would  be  trained  up  a  certain  number  of  men  and 
women  who  would  not  only  become  lovers  of  nature  and  natural 
things,  but  would  be  able  and  willing  to  exercise  their  observa- 
tional powers  and  to  further  our  scanty  knowledure  of  the  living 
creatures  around  us.  Even  the  observations  of  school  children 
themselves  miurht  be  of  great  interest  and  value  if  accurately 
recorded  by  teachers  and  others. 

This  is  not  the  place,  perhaps,  to  lay  down  a  full  and  com- 
plete programme  or  course  of  nature  study  for  schools,  but 
some  indication  may  be  given  of  the  lines  on  which  school 
children  may  be  trained. 

In  the  case  of  birds  a  great  deal  could  be  added  to  our 
knowledge  of  migration,  which  is  now  exceedingly  incomplete* 
by  noting  the  dates  of  arrival  and  departure  of  various  birds  in 
different  parts  of  Africa.  It  is  a  well-known  fact  that  the 
common  English  swallow  (Ilirundo  rustica)  leaves  Europe  in 
September  and  migrates  south  to  Africa,  so  that  during  our 
summer  months  from  October  to  March  this  bird  is  with  us  here 
in  the  Southern  Hemisphere.     We  know,  however,  very  little 
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bout  the  distribution  of  the  bird  in  Soutli  Africa;  tliere  are 
-specimens  in  the  South  African  Museum  from  the  neighbour- 
hood of  Cape  Town,  obtained  between  November  and  March, 
-^nd  we  have  recently  one  from  Irene,  in  the  Transvaal,  shot  in 
Jfovember,  while  the  late  Mr.  Seebohm  observed  that  the  swal- 
lows do  not  leave  Natal  till  April;  beyond  these  few  facts  we 
Jmow  very  little  about  the  times  of  arrival  and  departure  of  this 
-Hjomparatively  common  bird.      Again,  hitherto  no  very  definite 
^evidence  is  forthcoming  that  the    European    swallow   nests    in 
South  Africa ;  Mr.  (^harles  Andersson  states  that  "  in  some  un- 
•civilised  parts  of  Africa    these    swallows    affix  their   nests    to 
<some  projection  of  a  rock  or  trunk  of  a  tree  or  occupy  cavities  in 
rocks  or  banks,"  but  no  other  naturalist  has  yet  confirmed  this 
statement,  and  I  think  it  is  probable  that  Mr.  Andersson  was 
<ionfu8ing  the  white-throated    swallow    (Hirundo    albigularis) 
with  the  European  species  when  making  this  statement. 

The  white-throated  swallow  arrives  and  departs  with  the 
European  swallow,  but  never  goes  as  far  north  as  Europe,  in 
^act  its  resorts  in  winter  from    March    to  September   are    un- 
known, though  doubtless  somewhere  in  Central  Africa.     Dur- 
ing' its  stay  here,  however,  it  breeds,  building  a  nest  under  the 
•€i.rch  of  a  bridge  or  below  a  ledge  of  rock. 

The  white-tliroated  swallow  closely  resembles  tlie   Euro- 
t>ean  bird,  but  is  easily  distinguished  by  tlie  colour  of  its  chin 
^nd  the  throat,  which  is  white  instead  of  chestnut. 

Here  are  the  samples  of  questions  to  be  answered  by  ob- 
^rvations  carried  out  on  nature  study  lines,  and  which  require 
o  special  scientific  knowledge  for  their  solution,  only  patience 
nd  accuracy. 

There  are  many  other  similar  problems  in  South  African 
rnithology  awaiting  solution,  and  the  instance  meiitioiiod  is 
nly  to  be  taken  as  a  sample. 

In  regard  to  mammals  again,  the  same  paucity  of  informa- 
ion  exists.     We  know  a  little  about  some  of  the  larger  ante- 
ox)es  through  the  observations  of  sportsmen,  but  we  are  quite 
n  the  dark  about  the    smaller     fry,    such  as    bats,    field-rats, 
hrews,  and  moles;  in  England  and  the  colder  countries,  bats 
^nd  many  other  small  animals,  as  is  well  known,  hibernate  dur- 
ing the  cold  weather,  remaining  in  a  torpid  condition  until  the 
"^etnming  spring  warms  them  into  life  again.     Are  such  ani- 
^lals  active  throughout  the  year  in  South  Afiica,  or  do  they 
o  into  retirement  during  some  seasons?     In   some  ronntries 
^^here  the  summers  are  hot  and  dry  aestivation    or   a    summer 
dormant  period  prevails,  but  we  do  not  know  whether  sucdi  is 
^he  ease  in  South  Africa  or  not. 

Another  very  interesting  line  of  inquiry  and  observation  is 
with  regard  to  the  life  history  of  the  froors  and  toads  in  South 
Africa.  Very  little  has  been  done  in  this  matter,  and  it  is  a 
subject  full  of  interest  and  importance.  The  modification  of 
Ihe  ordinary  tadpole  stage  and  of  the  various  contrivances  by 

HH 


490  Eepoet— 1904. 

meaus  of  which  the  eggs  or  tadpoles  are  protected  or  cared  for 
during  the  most  critical  period  of  their  existence  form  a  most 
entrancing  chapter  of  natural  history;  all  of  which,  as  far  aa 
South  Africa  is  concerned,  is  an  absolutely  untrodden  field. 
Again,  patience  and  accurate  observation  are  all  that  are  neces- 
sary to  the  unfolding  of  these  mysteries. 

Among  the  lower  animals  I  need  hardly  say  that  there  is  a 
wide  scope  of  observation  open  for  anyone  who  feels  inclined 
to  occupy  himself  in  this  way.  The  social  habits  as  exemplified 
by  the  wasps  and  bees,  the  ants,  and  the  white  ants  or  termites,, 
the  mimicry  liabits  of  various  insects  which  resemble  their  sur- 
roundings, or  other  forms  specially  protected  by  nauseous 
taste,  or  special  weapons  of  defence,  the  architectural  habits  of 
spiders  and  of  many  insects — all  these  offer  ample  fields  foi 
research. 

There  can  be  no  doubt  that  the  encouraging  of  the  collect- 
iii^:  habit  whicli  is  so  strongly  ingrained  in  many  people  is  of 
great  help  and  stimulus  to  observation,  although  if  carried  too 
far  it  sometimes  tends  to  mere  acquisitiveness  without  any 
curiosity  or  interest  in  the  objects  collected;  pupils  should 
therefore  be  encouraged  to  collect  systematically  objects  of 
natural  history,  but  care  should  be  taken  that  in  all  cases  notes, 
and  if  possible  rough  drawings,  should  be  made  to  accompany 
these,  and  everything  should  be  carefully  labelled  with  all  the 
particulars  of  capture,  such  as  date  and  locality,  and  it  should 
be  clearly  impressed  on  pupils  that  the  object  of  making  collec- 
tions is  not  the  mere  accumulaticm  of  often  useless  specimens,, 
but  to  obtain  a  few  carefully'  selected  objects  for  subsequent 
reference  and  study. 

Perhaps  the  formation  of  a  small  school  museum  is  pre- 
ferable to  the  encouragement  of  individual  collecting,  as  in  this 
case  the  selection  or  rejection  of  specimens  rests  with  the 
teaclier,  and  the  accumulation  of  mere  lumber  can  be  checked. 
I  should  like  to  recommend  to  anyone  who  proposes  to 
take  up  the  teaching  of  this  subject  a  little  book  recently  pub- 
lislied  by  Mr.  Ernest  Stenhouse,  entitled  "  An  Introduction  to 
Nature  Study.''  It  consists  of  a  series  of  lessons,  each  con- 
sisting of  two  parts.  First,  precise  instructions  for  practical 
observations  and  experiments  designed  to  encourage  the  rea- 
s(ming  faculties  of  the  students;  secondly,  a  descriptive  por- 
tion, in  which  the  meaning  and  relation  of  the  results  obtained 
are  discussed :  at  the  end  of  each  chapter  are  a  number  of  addi- 
tional exercises,  either  original  or  taken  from  examination 
papers. 

The  book  is,  of  course,  prepared  for  English  schools,  and 
all  the  examples  are  taken  from  the  animals  and  plants  com- 
monly found  in  England,  but  I  do  not  think  there  would  be 
much  difficulty  in  adapting  a  good  deal  of  the  matter  for 
South  African  schools.  The  first  half  of  the  book  deals  with 
plant  life,  which  I  have  not  said  anything  about  here,  as  my 
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studies  have  been  purely  Zoological,  but  which  certainly 
should  form  at  least  half  the  lessons  in  a  course  ol  nature 
study.  The  second  half  of  the  book  deak  with  animals,  com- 
mencing with  the  rabbit  and  passing  downwards  in  the  scale 
to  the  eraj'fish  and  earthworm.  Finally,  the  volume  closes 
^ith  a  chapter  containing  an  outline  of  a  monthly  nature 
<ialendar,  indicating  the  principal  animals  and  plants  to  be 
*ioticed  each  month  in  the  year. 
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41.— THE    HANDLING    OF    YOUNG    CHILDREN. 

By  p.  a.  Barnett. 

When  one  approaches  the  question  of  the  handling  of 
young  children,  the  first  thing  that  strikes  one  is  the  assurance 
with  which  people  deliver  themselves  of  opinions.  There  ia 
only  one  other  topic,  in  this  country  at  all  events,  on  which 
folk  speak  with  equal  assurance,  and  that  is  on  the  handling 
of  **  natives.''  In  both  cases  people  presume  on  their  scant 
Icnowledge  of  human  nature;  in  both  cases  there  is  shown,  with 
lamentable  persistence,  a  lack  of  principle  to  start  from,  and 
of  any  large  or  disinterested  view  of  the  ends  to  be  attained. 
The  most  **  experienced "  people  sometimes  betray  the  most 
amazing  ignorance. 

It  is  a  little  difficult  to  say — or  to  see — what  constitutes  an 
**  expert ''  in  either  area.  You  may  deal  with  children,  and 
you  may  employ  natives,  to  the  end  of  time ;  and  you  may  yet 
be  unable  to  make  the  best  of  them,  or  even  to  turn  them  to 
your  own  best  profit. 

As  to  your  opinions  about  children  and  their  upbringing, 
a  conspicuous  public  or  official  position  is  no  guarantee  of 
sense  and  sobriety.  Some  of  the  most  foolish  and  irresponsible 
chatter  disseminated  in  the  English  world  of  late  has  come  from 
eminent  persons ;  and  some  of  the  most  cruel  and  unwarrantable 
denunciations  of  teaching  and  teacliers,  too.  It  is  not  at  all 
uncommon  for  folk  who  have  occupied  high  places  in  which,  if 
they  had  been  honest  and  intelligent,  they  could  have  mended 
glaring  defects  in  educational  machinery  and  practice ;  who  have 
boggled  at  their  work  for  want  of  sense  and  science;  to  turn 
round  on  the  chaos  which  they  have  increased,  and  declare 
that  the  whole  thing  is  vanity,  and  that  what  is  wanted  is  more 
chaos. 

I  do  not  desire  for  my  part  to  pose  as  an  expert ;  but  I 
have  been  asked  to  deal  as  practically  as  possible  with  the 
business  of  handling  young  children.  The  only  grounds  on 
which  I  can  expect  a  hearing  are  that  I  have  seen  many  experi- 
ments, have  had  some  experience  and  made  some  experiments 
myself,  and  have  watched  all  sorts  of  educators  and  education- 
mongers,  good,  bad,  and  indifferent,  for  many  years. 

This  is  an  association  for  the  advancement  of  science,  but 
I  hope  I  shall  not  have  betrayed  the  Education  Section  when 
I  say  that  I  do  not  know  whether  there  is  a  "  science  *'  of 
Education  at  all.  I  know  of  several  splendid  endeavours  to 
place  education  on  a  scientific  basis;  but  none  of  them  seems 
to  me  to  allow  for  the  constantly  changing  bases  of  the  sciences 
on  which  they  are  presumably  built — metaphysics,  ethics,  psy« 
chology,  physiology,  or  the  compendious  sociology. 
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What,  however,  is  abundantly  clear  is  this :   that,  for  the 
practical  purposes   of   the   working   educator,   a   multitude   of 
applicable  facts  is  constantly  being  supplied  by  the  sciences 
most  deeply  *'  immersed  in  matter  " ;  by  physiology,  especially 
psycho-physiology,  by  sociology,  by  ethics;  and  in  that  order, 
or  something  like  it,  of  particularity.     That  is,  the  good  educa- 
tor must  remember  that  he  deals  primarily  with  the  body ;  then 
H*itL  the  body  and  mind  interacting;  then  with  the  body  and 
xnind   as  affected   bv  historical   and   social  environment;    and 
finally   with   body   and   mind,   so   constituted,   directed   to    an 
ethical  end. 

When  I  look  at  niv  child,  I  sav  to  myself :  '*  You  must 
rst  of  all  be  fed  well,  kept  clean,  and  must  develop  healthy 
issues;  then,  your  intelligence  shall,  if  I  can  secure  it,  grow 
ace  for  pace  with  your  physical  capacity,  since  I  know  that 
liese  things  are  inter-dependent ;  next,  your  intelligence  and 
ily  health  germinate  in,  and  are  ccmditioned  by,  and  must 
Tierefore  learn  to  operate  in,  this  particular  envinmment, 
eterinined  by  history  and  social  conditions;  finally,  you  are  not 
nly  to  be  a  healthy  and  intelligent  animal,  but  are  to  live 
obly,  to  be  better  than  I  am,  to  do  more  for  the  glory  of  God. 
What  is  true  of  the  single  child  is,  of  course,  true  also, 
n  these  large  respects,  of  children  in  troops  or  classes.  IJut 
he  very  first  duty  of  the  teacher  or  educator  facing  his  task 
is  to  note  that  each  child  has  his  own  history;  is  not  in  all 
^^^spects  the  same  as  any  other  child;  must  be  separately  con- 
idered. 

Here  emerges  what  seems  to  be  Rule  I.  in  the  handling  of 
^'oung  children.     Do  not  force  on  every  child  the  same  dis- 
cipline.      I  do  not,  of  course,  mean  that   single  children   or 
-classes,  if  you  have  classes,  are  not  to  follow  a  routine,  **  taking/* 
<98  the  cant  goes,  '*the  same  subjects'';-!  mean  that  you  must 
1)6  prepared  to  treat  one  child  differently  from  another.     From 
one  you  may  expect  more  than  from  another.       Tommy  will 
shrink  and  wither  under  a    rebuke    of   which    Polly   takes   no 
account.     Polly  may  become  bewildered  without  loss  of  virtue 
at  a  simple  task  which  Tommy  will  accomplish  while  he  is 
criminally  cracking  a  nut.     Jacobus  will  tell  you  a  fib  in  all 
guilelessness,  and  merely  as  a  work  of  art  meant  to  evoke  in- 
terest, which  to  Jacoba,  who  has  been  less  fortunate  in   her 
training,  would  smell  of  the  bottomless  pit.     A  simpler  illustra- 
tion still :  Tommy  will  work  best  with  his  hands  on  the  table^ 
while  Polly — a  rarer  case  to  be  sure-  -  faces  her  difficulties  more 
easily  with  hands  locked  behind  her:  Jacobus  likes  his  fat  legs 
aparty  while  Jacoba  loses  nothing  in  mental  concentration  by 
being  made  to  keep  her  heels  together.     The  practical  moral 
for  teachers  is  to  enforce  a  pose  on  little  children  only  rarely; 
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and  then  only  for  a  very  short  spell,  in  order  to  drill  or  *'  pull 
them  together."  There  is  no  unholier  sight  in  earth,  heaven, 
or  education  than  a  large  class  of  little  children  kept  quiet  as 
stones  for  more  than  five  minutes.  Mute,  you  may  make  them, 
mute  as  mice,  for  a  longer  period ;  but  it  is  easy  to  prolong  the 
silence  until  it  becomes  unnerving  and  unhealthy.  Children's 
chattering  is  not  alwajs  mere  ebullience.  It  is  positively  a 
necessary  physical  exercise,  and  is  properly  regulated  in  them 
by  encouraging  their  intelligent  questions  and  by  giving  them 
plenty  of  singing.  In  an  excellent  school  for  older  girls  which 
I  once  visited  officiallv  I  found  that  five  minutes  of  everv  sixtv 
were  given  to  promiscuous  conversation ;  a  very  sensible  way  of 
letting  off  steam. 

We  have  been  accustomed,  I  fear,  to  test  order  too  often 
by  silence  and  by  uniformity  of  pose.  Such  silence  and  such 
uniformity  are  useful,  as  other  externally  imposed  constraint  is 
useful,  by  way  of  drill ;  but  mental,  and,  it  may  be  added,  moral 
activitj'  in  classes  as  in  individuals  implies  much  more  variety 
of  muscular  expression  than  the  over-anxious  teacher  is  pre- 
pared to  admit. 

I  noticed  once  a  pitiful  case  of  conscientious  stupiditj'  on 
the  part  of  a  teacher.  Some  seven-year-olds  were  having  an 
** object  lesson"  on  a  pear;  and  the  hands  of  one  little  lass 
stole  up  and  sketched  the  pear  that  was  being  exhibited.  She 
was  pounced  upon,  told  that  she  was  a  naughty  girl,  and  the 
sketch  consigned  with  ignominy  to  fire,  in  order  that  all  traces 
of  a  crime  might  be  obliterated.  The  instinct  of  the  child  was 
right,  and  the  energetic  protest  of  the  teacher  was  wrong.  Pro- 
vision should  have  been  made  for  sketching  the  pear,  as  an 
integral  part  of  the  lesson.  An  intellectual  or  moral  operation 
in  young  children,  if  in  no  other  class  of  people,  is  clinched 
only  bj'  physical  expression. 

It  all  comes  in  the  end  to  this :  that  we  must  use  machinery' 
in  such  a  way  that,  without  complicating  and  confusing  class 
routine,  every  child  may  enjoy  the  freedom  needed  for  him  to 
express  what  is  in  him.  The  unintelligent  use  of  the  orthodox 
Kindergarten  exercises  may  easily  end  in  mechanical  and 
babyish  waste  of  time;  and  especially  foolish  is  the  with- 
holding of  such  instruction  in  the  simple  ancillary  arts,  reading 
and  drawing  and  writing,  as  enable  even  a  very  young  child  to 
**  amuse  itself,"  as  we  say,  without  our  self-satisfied  interference 
or  mental  '*  strain." 

The  best  thing,  indeed,  that  we  can  teach  children  is  this 
how  to  amuse  themselves;  and  we  cannot  do  it  if  we  eifher 
laboriously  and  over-anxiously  close  to  them  the  easy  avenues 
of  self-amusement,  or  painfully  formalise  their  play  and  keep 
them  perpetually  under  intrusive  governance.    A  large  part  of 
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tlie  work  of  the  teacher  of  little  children  should  consist  in 
watching  them  do  what  they  like  and  see  what  they  like  with- 
out getting  into  one  another's  way.  Yet  we  rarely  come  across 
-an  Infant  School  in  which  the  children  are  allowed,  even  as  an 
occasional  treat,  to  walk  at  their  will  ahoiit  the  schoolroom 
■and  to  pore  over  the  pictures  on  the  walls.  As  a  rule,  indeed, 
the  pictures  in  Infant  Schools  are  hung  far  above  the  sight- 
line  of  even  the  gigantic  teachers,  and  for  all  the  good  they  do 
to  the  children  might  he  in  the  lumber  room.  To  have  the 
pictures  down  once  a  year  for  the  purpose  of  giving  *^  lessons  '* 
on  them  makes  things  worse  by  formalising  and  desiccating  all 
their  associations. 

Perhaps,  however,  the  thing  hardest  to  show  to  the  amateur 
-critic  of  education  is  the  true  nature  of  discipline.  You  may 
-call  your  procedure  either  bringing-up,  or  teaching,  or  discip- 
line ;  but  you  teach  a  child  whether  you  will  or  no,  and  you  can 
make  profit  out  of  his  teachableness  from  the  cradle. 

The  meaning  of  Xo  can  be  understood  by  a  baby  a  month 
-old;  and  the  youngest  child  can  profit  by  the  cultivation  of 
regular  habits.     Dcsultonncs.^  in  the  treatment  of  children  is 
^  deplorable  cruelty.     It  does  not  promote  health,  originality, 
-or  freedom  of  development,  as  lazy  and  ill-informed  people  think, 
or  affect  to  think;  it  merely  binds  the  children  in  chains  ulti- 
mately unbreakable,  forged  by  their  own  uncombated  moods 
and  recurrent  whimsies.      It  is  a  platitude,  I  know,  to  iterate 
that  we  have  to  teach  children  to  govern  themselves ;  but  it  must 
be  repeated  until  it  is  believed    and    understood-  -on    the    (me 
hand  by  the  people  who  think  that  any  constraint  is  bad,  and 
on  the  other  by  those  who  have  no  other  concepticm  of  educa- 
tion than  as  constraint  invariably  imposed  from  outside. 

I  was  told  to  be  practical,  so  I  will  be  practical  at  the 
■expense  of  being  accused  of  carrying  coals  to  Newcastle. 

A  child  should  be  taught  to  control  emotion  first  of  all  by 

■controlling  the  expression  of  emotion ;  the  imchecked  physical 

-expression  of  emotion,  by  reaction,  increases  the  emotion  itself. 

If  a  child  cries,  we  have  to  stop  its  crying;  not  by  shaking  it, 

to  relieve  our  own  nerves;  not  by  hitting  an  offending  object, 

to  relieve  the  child's  nerves ;  but  first  by  diverting  its  attention 

and  even  evoking  its  sympathy  with  the  original  cause  of  the 

amotion;  and  ultimately,  when  it  can  reason,  by  convincing  it 

that  it  can  stop  if  it  will.     All  class  teachers  know  that  every 

now  and  then  emotional   waves   sweep    over   a    mass   of    little 

-children  from  which  thev  can  be  saved  only  by  counter-emotion. 

A  whole  class  may  be    unaccountably    **  naughty '' :    there    is 

nothing  for  it  but  to  rivet  their  attention  on  something  new; 

objurgation  is  worse  than  useless. 
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To  allow  children  to  strike  anyone  in  fun,  even  a  father^ 
or  mother,  or  Kaffir  nurse,  is  a  form  of  crueltj'  to  the  children 
for  which  I  have  no  adjective  at  command.  The  blow  is  a 
physical  expression  of  malevolent  emotion,  which  should  never 
be  allowed  room  for  exercise.  The  emotion  grows  by  what  it 
feeds  upon ;  and  even  if  respect  for  the  child's  elders  is  restored^ 
the  instinct  to  hit  out  nervously  in  an  emotional  crisis  remains. 
When  you  see  in  this  country  the  too  frequent  and  often  gross 
incivility  of  young  people,  and  of  some  old  ones  too,  to  their 
coloured  dependents,  the  origin  of  the  odious  fault  is  not  far  to 
seek.  The  restriction  of  opportunity  for  this  kind  of  explosion 
is  one  of  the  benefits  of  teaching  young  children  in  classes. 

Cheerfulness  and  good  humour  should  be  fostered  deliber- 
ately. Xo  whining  should  be  allowed ;  not  only  because  a 
*'  wittering ''  person  is  useless  to  Heaven  and  Earth,  but  because- 
the  result  of  uncorrected  whining  is  an  unlovely  egotism.  It 
is  quite  easy  to  train  the  merest  articulate  babe  to  say  Ta  cheer- 
fully; when  it  grows  up,  to  make  it  respect  scrupulously  other 
children's  toys;  and,  as  early  as  you  like,  to  teach  it  to  protect 
others.  Your  little  boy  is  not  playing  a  baby  game  when  he- 
walks  in  front  of  you  **  for  fear  there  may  be  robbers  " ;  he  is. 
putting  on  his  uniform.  And  so  is  your  little  maid  when  she- 
**  mothers  "  a  girl  still  smaller. 

Kudeness  or  pertness  should  be  tolerated  at  no  period  of  a 
child's  life.     Some  people  laugh  at  rudeness  shown  by  a  child 
of  two  when  in  a  child  of  ten  it  would  disgust  them ;  but  there- 
is  no  fixed  point  between  two  and  ten  at  which  your  child  natur- 
ally passes  from  original  incivility  to  original  politeness.       A 
child  who  is  never  allowed  to  be  rude  to  other  people  does  not 
therefore  feel  restrained  in  their  presence;  whereas  if  a  child  is. 
permitted  to  be  uncivil  or  unkindly  to  parents,  nurses,  brothers, 
sisters,  or  servants,  it  certainly  cannot  feel  at  home  with  people- 
who  are  unfamiliar  with  what  has  become  its  **  natural  manner.''' 
A  good  many  people  suffer  from  the  lack  of  this  discipline  all 
through  their  ungainly  lives ;  their  roughness  and  inconsider- 
ateness  to  folk  who  share  their  roof  is  a  cause  of  immense  un- 
happiness — and  yet  a  little  early  training  might  have  given 
their  whole  environment  a  different  complexion.     Rudeness  is. 
not  really  more  natural  to  a  little  child,  nor  to  anyone  else,  than 
kindness ;  but  it  may  easily  be  made  to  flourish  like  a  bay  tree- 
by    foolish    applause.       Here  again  the  class  teacher  has  an 
opportunity:  rudeness  or  pertness  is  an  obvious  public  offence,, 
and  public  feeling  can  at  once  be  enlisted  against  it. 

The  most  serious  crime  that  any  human  being  can  commit 
is  to  kill  happiness;  and  your  children  can  be  taught  this,  and 
should  be  taught  it,  in  the  interests  of  themselves  as. well  as  of 
others.     If  a  child  for  a  moment  forgets  itself,  **  Why,"  yoi^ 
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ask,  "(lid  you  sav  that?  You  could  never  have  meant  to  make 
A.  or  B.  unhappy?"  "One  person,"  says  Stevenson,  "I  have 
to  make  ^ood  myself,  ily  duty  to  my  neighbour  is  to  make 
liim  happy — if  I  may."  Surely  gaiety  and  urbanity  should  be 
cxdtivated  as  a  dutv  to  one's  fellows.  Xo  teaeher  should  use 
sarcasm  as  a  weapon  of  discipline,  and  least  of  all  the  teacher 
of  little  children. 

Here,  per  contra,  is  a  true  story  which  should  make  your 
flesh  creep.  A  mother  received  a  complaint  from  her  little  girl 
of  five  that  other  children  would  not  play  with  her.  What 
should  the  mother  have  done?  I  suggest  that  she  should  have 
asked  TT7/?/.  If  she  had,  she  would  have  found  material  in  the 
case  for  a  lesson  to  4H1  (mly  child  on  the  duty  of  "getting  on" 
with  other  children  bv  the  exercise  of  unselfishness,  and  by  not 
demanding  all  the  best  parts  in  games  or  in  anything  else.  But 
this  is  what  she  actually  said  :  "  Xever  mind,  darling.  Come 
and  I  will  read  to  you.  Presently  when  they  want  to  play  with 
vou,  vou  can  sav  "  Xo  — wcm't."  Could  the  w(mian  have  con- 
trived  a  more  certain  device  for  securing  the  future  misery  of 
that  wretched  child? 

In  the  handling  of  young  children,  if  the  example  and 
cultivation  of  kindness  conu^s  first,  the  cultivation  of  honesty 
comes  next. 

By  honesty  I  by  no  means  intend  you  to  understand  mere 
truthfulness;  I  include  frankness  also,  and  the  scrupulous 
respect  for  other  people's  rights  even  when  the  other  people 
are  not  at  hand  to  enforce  them;  at  which  point  honesty  and 
kindness  mingle  their  streams. 

There  are  very  many  children  who  fib  lightly  just  in  order 
to  be  interesting.  Such  cases  should  not  be  handled  harshly, 
even  before  a  class.  It  should  be  sufficient  to  appeal  to  the 
<»ver-operative  ideal  of  little  ernes,  the  desire  to  be  grown  up. 
The  baby,  you  point  out,  is  not  a  witness  whose  lielp  is  worth 
much,  since  it  cannot  speak ;  tiny  children  can  speak,  but  can- 
not be  relied  upon  for  great  accuracy.  Trustworthy  speech,  on 
the  other  hand,  is  the  mark  of  the  grown-up,  and  it  is  the  best 
proof  of  grown-up-ness  when  speech  can  be  credited,  when 
people  can  depend  and  act  upon  it.  It  is  a  disgrace,  you  must 
urge,  for  a  child  who  can  behave  as  a  good  grown-up  behaves  to 
prefer  to  be  untrustworthy. 

And  so  far  from  the  narration  of  fictions  being  an  incentive 
to  lying,  it  is  just  one  of  the  best  means  of  prevention.  If  you 
encourage  in  small  children  the  conscious  making-up  of  tales, 
you  provide  them  with  a  touchstone,  a  contrast,  by  which  they 
can  compare  fact  and  unfact.  A  child  who  lacks  imagination 
is  much  more  likely  to  lie  deliberately,  if  awkwardly,  than  a 
child  who  can  discriminate  between  realitv  and  make-believe. 
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and  who,  when  engaged  in  make-believe,  fabricates  generously, 
openly,  joyously.  You  should  teach  your  children,  however, 
not  to  blend  fact  with  fiction.  The  blending  of  fact  with  fiction 
*'  with  intent  to  deceive  "  is  the  only  real  lying.  A  habit  of 
untruthfulness  is  so  much  an  intellectual  defect  that  the  in- 
fliction of  a  positive  penalty  is  more  likely  to  do  harm  than 
good.  Displeasure,  unconcealed  sorrow,  the  threatened  loss  of 
confidence — these  alone  are  likely  to  cure  it.  But  only  in  the 
very  last  resort  should  confidence  actually  be  withdrawn;  you 
must  think  many  times  before  jou  remove  the  golden  bridge, 
self-respect,  by  which  your  wanderer  will  most  surely  come 
home  again.  And  public  disgrace  should  be  reserved  for  very 
critical  cases  that  admit  no  other  effectual  alternative. 

I  might  prolong  these  remarks  indefinitely,  but  the  time 
allotted  to  me  has  all  but  gone,  and  I  have  done  enough,  I 
think,  to  prove  what  seem  to  me  the  most  important  facts  deter- 
mining the  up-bringing  of  little  children,  and  to  illustrate  what 
would  seem  to  be  the  most  profitable  way  of  dealing  with  them. 
The  mischief  is  not  that  the  facts  are  unknown,  but  that  they 
are  not  intelligentlj'  and  unselfishly  faced.  The  basis  of  all  we 
do  must  be  the  manipulation  of  the  child's  physical  constitu- 
tion, the  checking  of  bad  physical  habit  and  the  strengthening 
of  good  habit.  We  must  make  allowances  for  great  variety  of 
type,  allow  as  much  freedom  as  we  can  to  individuals  con- 
sistently with  the  maintenance  of  others'  freedom ;  and  we  must 
provide  children  with  the  means  and  opportunity  of  cultivating 
their  own  powers  by  "amusing  them  selves.''^  This  is  neither 
more  nor  less  than  to  lead  them  by  their  own  unconscious  efforts 
to  occupy  themselves,  rationally,  of  their  own  accord,  in  their 
own  improvement. 

And  finally,  in  dealing  with  groups  or  classes  of  children, 
it  should  be  remembered  that  the  multitude  of  witnesses,  the 
aggregation  of  so  much  individual  self-consciousness,  distends 
the  scale  of  a  teacher's  operations,  as  a  magnifying  glass  en- 
larges an  object  placed  under  it.  The  teacher's  acts  and  bear- 
ing become  gigantic  and  immensely  impressive,  seen  on  a  big 
scale,  never-to-be-forgotten. 

That  is  why,  of  all  people  in  the  world,  the  teacher  of  little 
children  must  be  circumspect,  judicial,  urbane,  firm,  merciful. 


42.— SPECIAL  ASSESSMENTS. 
By  Stephen  Court,  F.R.  Stat.  Soc. 

The  question  of  the  best  method  of  meeting  the  cost  of 
constructing  the  many  miles  of  roads  requiring  to  be  made  in 
Johannesburg,  and  of  laying  sewers  and  storm  water  drains  has 
not  yet  been  decided,  and  it  may  perhaps  be  of  interest  to  in- 
vestigate the  practice  obtaining  elsewhere  of  imposing  special 
assessments  to  recover  the  expenditure  involved. 

A  "  special  assessment  *'  may  be  defined  as  a  compulsory' 
<:'Ontribution,  levied  in  proportion  to  the  special  benefits  derived, 
to  defray  the  cost  of  a  specific  improvement  to  property  under- 
laken  in  the  public  interest. 

It  may  be  as  well  to  say  at  the  outset  that  the  use  of  spe- 
<*ial  assessments  is  much  more  general  in  the  United  States  of 
America  than  elsewhere,  due  partly  to  the  fact  that  in  other 
-countries  a  considerable  proportion  of  improvements,  such  as 
street  construction  and  sewerage,  is  carried  out  by  the  owners 
of  the  land,  while  in  America  such  improvements  are  made  by 
the  municipality.  Johannesburg  is  in  the  same  position  as  the 
United  States  cities  in  this  respect. 

In  England  the  principle  was  adopted  as  early  as  the  15th 
century,  when  commissions  were  appointed  to  secure  the  con- 
struction or  repair  of  "  walls,  ditches,  gutters,  sewers,  bridges, 
causeys,  wears  and  trenches,*'  and  to  apportion  the  work,  or  the 
expenses  of  the  whole,  upon  all  whose  landed  interests  received 
benefit  therefrom.  In  1662  an  Act  was  passed  authorising  the 
widening  of  certain  streets  in  Westminster,  and  providing  for 
the  cost  to  be  defrayed  by  voluntary  subscriptions.  If  the  sub- 
scriptions did  not  prove  sufficient,  the  commissioners  to  lay  out 
the  streets  were  authorised  to  charge  the  owners  of  the  property 
in  proportion  to  the  benefits  received. 

Five  years  later,  in  1667,  an  Act  was  passed  to  regulate  the 
rebuilding  of  London  after  the  great  fire,  and  the  Corporation 
was  empowered  to  appoint  certain  persons  "  to  impose  any  rea- 
sonable, tax  upon  all  houses  within  the  said  city  in  proportion 
to  the  benefit  they  shall  receive  thereby,  for  and  towards  the 
new  making    ....     the  said  sewers  and  pavements.'' 

Section  150  of  the  Public  Health  Act  of  1875,  allows  local 
authorities  to  pave  and  sewer,  etc.,  streets  in  default  of  owners 
and  to  recover  the  expenses  of  doing  so  according  to  the  front- 
ages of  the  premises  abutting  on  the  streets. 

Section  10  of  the  Private  Street  Works  Act  1892,  allows 
the  urban  authority  to  take  into  consideration  the  greater  or 
less  degree  of  benefit  derived  by  any  premises  from  the  works 
instead  of  tying  them  down  to  the  foot  front  method  of  appor- 
tionment. 

As  regards  large  improvement  schemes  involving  the 
acquisition  and  demolition  of  property  and  the  opening  of  new 
thoroughfares  or  widening  of  old  ones,  the  London  County 
Council  have  been  successful  in  obtaining  parliamentary  sane- 
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tion  to  the  levying  of  special  assessments  on  property  benefited. 
The  London  County  Council  first  adopted  the  so-called  **  better- 
ment "  principle  in  November,  1889,  and  introduced  a  special 
assessment  clause  in  the  Strand  Improvement  Bill  of  1890. 
The  betterment  provisions  were,  however,  struck  out  by  a  Select 
Committee  of  the  House  of  Commons,  and  the  Bill  was  not 
proceeded  with.  The  London  County  Council  General  Powers 
13ill  of  1892,  providing  inter  alia  for  a  bridge  at  Cromwell 
Koad,  shared  the  same  fate.  The  London  Improvements  Bill 
of  1893,  providing  for  a  new  street  from  Holborn  to  the  Strand 
and  for  gther  improvements,  passed  the  Commons,  but  was. 
defeated  in  the  Lords  Committee  and  was  subsequently  with- 
drawn. 

A  Select  Committee  of  the  House  of  Lords  on  Town  Im- 
provements (Betterment)  reported  in  18^4  that : 

**  The  principle  of  betterment,  in  other  words,  the  prin- 
ciple that  persons  whose  property  has  clearly  been  in- 
creased in  market  value  bj-  an  improvement  eftected 
by  local  authorities,  should  specially  contribute  to  the- 
cost  of  the  improvement,  is  not  in  itself  unjust,  and 
such  persons  can  equitably  be  required  to  do  so." 

The  Tower  Bridge  (Southern  approach)  Bill  of  1894  be- 
came law  in  1895,  and  authorised  the  levying  of  an  improve- 
ment charge. 

Subsequent  London  Improvment  Acts  authorise  improve- 
ment charges  in  the  cases  of  the  widening  of  the  Strand  and 
of  Tottenham  Court  Eoad,  the  Holboni  to  Strand  new  street 
and  the  Westminster  improvement,  etc. 

In  both  Capetown  and  Durban  the  Municipalities  are  em- 
powered to  defray  the  cost  of  paving  and  sewering  new  streets 
by  means  of  special  assessments  on  the  owners  of  the  land 
abounding  or  abutting  on  such  streets. 

In  France  the  principle  of  special  assessments  has  been 
recognised  by  the  Legislature,  but  has  received  little  applica- 
tion. 

In  Prussia  a  law  of  1893  not  only  permits  but  directs  local 
authorities  to  impose  fees  and  special  assessments  in  cases 
where  the  local  acti(m  results  in  a  special  measurable  benefit  to 
the  individual. 

In  Belgium  the  expenses  of  street  construction  are  de- 
frayed by  special  assessments  and  the  principle  has  been  ex- 
tended to  include  the  cost  of  constructing  or  enlarging  foot- 
ways, pavements,  sewers,  and  also  the  cost  of  sweeping,  sprink- 
ling and  repairing  streets.  The  system  seems  to  have  been 
more  fully  developed  in  Belgium  than  in  any  other  country  in 
Europe. 

The  system  of  special  assessments  was  introduced  in  New 
York  at  the  end  of  the  17th  century,  the  first  law  being  based 
on  the  English  Act  of  1GG7  above  mentioned,  and  has  since  been 
iilmost  universally  adopted  in  the  T'nited  States.     Its  applica- 
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'^ion  is  wide,  as  may   be    judged    from    the    following    list:  — 

'^^pening,  laying  out,  grading,  paving,  and  repaying  streets — 

^=^treet    watering,    lighting,    and    tree    planting — constructing 

-drains  and  sewers — laying  conduits    and    water    pipes — laying 

^ut  and  developing  public  parks,  squares,  and  drives,  etc.       In 

the  above  cases  special  assessments    are    employed    to    recover 

either  the  whole  of  the  cost  or  a  part  of  it. 

The  following  table  shows  the  receipts  of  U.S.  cities  hav- 
ing a  population  over  150,000  in  1900  from  the  property  tax, 
from  special  assessments,  and  in  total,  and  will  give  some  idea 
of  the  importance  of  the  system  as  a  source  of  revenue.* 


Property 

1 
Special 

TntJil 

Population, 

Tax. 

1 
*€  14,91 3,054 

Assessments. 

L  tJt'cVI, 

1900. 

New  York     

£682,544 

*£20,861,577 

3,437,202 

■Chicago         

2,859,166     i 

649,225 

5,373,548 

1,698,575 

Philadelphia 

3,642,967 

— 

5,275,053 

1,293,697 

St  Louis       

1,313,866 

38,793 

2,314,802 

575,238 

Boston           

3,222,174 

70,452     i 

5,090,179 

560,892 

Baltimore      

1,158,962 

10,555 

1,95.^,386 

508,957 

"Cleveland      

712,958 

133,884 

1,274,329 

381,768 

Buffalo           

987,435 

149,K91 

1,513,129 

352,387 

"San  Francisco 

*  J, 254,937 

— 

*  1,727,774 

342,782 

Cincinnati     

771,321 

1,397,105 

325,902 

^ittsbnr^       

1,008,531 

404,.551 

1,850,213 

321,616 

^ew  Orleans 

695,268 

891,656 

287,104 

X)etroit          

734,408 

92,448 

1,138,131 

285,704 

IVfilwaiikee     

598,484 

94,9(53 

869,813 

285,315 

^Washington 

604,066 

20,031 

11,567,136 

278,718 

INewark         

()27,488 

74,888 

1.216,141 

246,070 

-^Jersey 

615,244 

47,268 

988,063 

206,433 

TLoulsville       

545  786 

15,719 

751,280 

204,731 

^Tinneapolift 

i           461,531 

84,627 

69<),980 

202,718 

3*rovidence    

617,051 

12,379 

874,491 

175,597 

^ndianai)olis 

275,803 

50,2:^5 

40.5,076 

169,164 

Kansas          

309,024 

— 

499,693 

163,752 

"St  Paul         

267.922 

65,906 

580,260 

163,065 

Rochester      

498,6-20 

167,492 

867,301 

162,608 

*  inchiding  State  Tax. 

t  Including  £687,455  appropriated  from  funds  of  U.S.  Treasury. 

We  find,  therefore,  tliat  special  assessments  are  of  com- 
paratively modern  development,  and  that  their  application  is 
^ider  in  the  U.S.  than  elsewhere.  In  I'^ngland  and  in  France 
thev  have  been  little  used.  In  the  case  of  England,  at  all 
events,  the  fact  that  the  streets  are  made  by  the  owners  of  th(» 
land'  accounts  in  great  measure  for  special  assessments  not 
T)eing  brought  prominently  under  notice.  In  Prussia  and  in 
Belflrium  their  introduction  is  quite  recent. 

Turning  to  the  theory  of  special  assessments,  it  is  accepted 
that  if  the  local  authority  incur  expenditure  on,  say,  laying 

•Compiled  from  fisrures  published  in  the  Bulletin  of  the  U.S.  Department  of 
Labour,  September,  1901. 
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out  a  new  street,  the  result  of  which  is  to  increase  the  value  of 
a  particular  plot  of  land,  the  authority  may  reasonably  call 
upon  the  owner  of  this  land  to  defray,  in  whole  or  in  part,  the 
cost  of  this  improvement.  The  owner  is  undoubtedly  speciallj* 
benefited  as  a  result  of  this  special  outlay  by  the  municipality^ 
and  taxation  according  to  benefit  may  properly  be  resorted  to. 

The  principle  of  (contribution  in  the  case  of  ordinary 
municipal  rate  is  not  benefit  but  ability  to  pay.  In  this  case 
no  particular  individual  is  measurably  and  specially  benefited — 
any  benefit  that  he  may  receive  comes  to  him  incidentally  as  a 
member  of  the  community. 

The  benefits  of  general  municipal  action  cannot  be  mea- 
sured quantitatively.  By  paying  his  rate  the  individual  does 
not  purchase  from  the  local  authority  a  definite  amount  of  ad- 
vantage in  the  same  way  as  he  may  purchase  some  commodity 
at  a  shop.  If,  however,  the  municipality  performs  some  spe- 
cial service  for  an  individual  there  is  no  reason  why  the  general 
bodv  of  ratepayers  should  pay  for  it.  In  fact,  justice  and  logic 
both  demand  that  the  person  benefited  should  defray  the  ex- 
penditure involved. 

The  problem  of  unearned  increment  is  also  to  a  large  ex- 
tent solved  by  the  special  assessment  system.  Dr.  Kosewater^ 
in  his  book  (m  Special  Assessments,  says*  :  — 

**  Special    assessment    undoubtedly    transforms    a    certain 
part  of  the  enhancement  of  land  values  from  an  un- 
earned increment  into  an  earned  increment.     It  does 
this  at  the  very  time  that    the    benefit    arises,    thus 
avoiding  every  taint  of  confiscation  of  vested  interests. 
Through  it  may  be  secured    the   chief   advantages    of 
the  appropriation  of  the  future  unearned  increment, 
without    (lestroying    the    healthful    stimulus    arising 
from  the  private  ownership  of  landed  property.     The 
total  increase  is  seldom  appropriated,  but  only  so  nnicli 
as  is  re(|uired  to  defray  that  share  of  the  cost  of  the 
particular  improvement  which  may  represent  the  spe- 
cial benefit  conferred.     We  have  here  no  uncharitable 
begrudging  of  all  rise  in  value  due  to  conditions  other 
than  those  created  by  the  party  who  reaps  the  advan- 
tage.      All  that  is  demanded  is  that  when  a  person 
secures  an  enrichment  to  his  estate,  and  the  expense,  if 
not  borne  by  him,  must  be  borne  by  someone — in  this 
instance  the  tax-paying  public — he  shall  make  com- 
pensation therefor.       This  is  the  true  equitable  prin- 
ciple.    The  contributor  pays  not  alone  because  he  ob- 
tains a  benefit  but  because  that  benefit  is  joined  to  an 
expense  the  burden  of  which    finds    a   fitter    i^stinir- 
place  upon  his  shoulders  than  upon  the  shoulders  of 
others  not  specially  benefited.*' 

*  **  Special   AweRsmente,"  by  Victor  Rowwater,  Ph.D.,  2nd  ed..  New  York 
1898,  pajre  144, 
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Prof.  Seligman  stalest  that  in  the  U.S.  the  betterment 
principle  has  long  been  firmly  rooted  in  the  revenue  system; 
and  although  there  may  be  particular  cases  in  which  it  has  not 
worked  well,  the  evidence  of  experience  and  the  popular  ver- 
dict as  to  the  methods  employed  are  overwhelmingly  in  its 
favour.  On  the  Continent  of  Europe  the  system  is  now  fast 
spreading  because  of  the  growing  importance  of  municipal 
finance  and  of  the  more  careful  analysis  of  its  underlying 
principles. 

Special  assessments,  like  fees,  are  not  taxes  in  the  ordinary 
or  narrower  sense  of  the  term.  Taxes  are  compulsory  contri- 
butions levied  to  meet  expenditure  incurred  in  the  interest  of 
the  community,  no  regard  being  had  to  special  advantages 
which  the  ratepayer  may  receive.  In  special  assessments,  as 
in  fees,  however,  the  services  for  which  expenditure  is  incurred 
result  in  the  individual  reaping  some  particular  benefit.  '^  The 
primary  test  of  a  tax  is  that  it  imposes  a  common  burden — tho 
primary  test  of  a  special  assessment  is  that  it  implies  a  special 
benefit.''  This  is  the  main  distinction  between  a  special  assess- 
ment and  a  tax,  and  the  others  arising  from  it  may  be  sum- 
marised as  follows*  :  — 

1.  In  a  special  assessment  the  special  benefit  to  the  indi- 
vidual is  measurable.  In  a  tax  the  special  benefit  does  not 
exist,  or,  if  it  exists  at  all,  it  is  an  incidental  result  of  the  share 
of  the  individual  in  the  common  benefit,  and  is  not  separately 
measurable. 

It  is  further  important  to  distinguish  between  a  special 
assessment  and  a  special  rate.  A  special  rate  is  assessed  for  the 
purpose  of  some  special  work  undertaken  by  the  municipality, 
and  is  levied  on  a  defined  section  of  the  inhabitants — e.g.,  the 
Poor  Bate  and  the  Lighting  Rate.  Such  rates  are  assessed  on 
what  is  taken  to  be  the  "  means  "  of  the  ratepajer,  to  whom  no 
special  and  measurable  benefit  accrues.  In  the  special  assess- 
ment, however,  the  individual  benefit  is  capable  of  measure- 
ment, and  forms  the  basis  of  the  assessment. 

2.  Taxes  may  be  proportional  to  property  or  to  income, 
or  to  some  other  test  of  faculty,  or  they  may  be  progressive 
rather  than  proportional.  Special  assessments  can  never  bo 
progressive,  but  must  always  be  proportional  to  benefits.  In 
the  sx>ecial  assessment  there  must  be  compensation.  In  the  tax 
there  is  no  question  of  compensation. 

3.  Special  assessments  are  confined  to  specific  local  im- 
provements, while  taxes  are  not  so  limited. 

4.  The  local  authority,  in  the  case  of  a  special  assessment, 
performs  some  special  act  in  return,  while  in  the  case  of  a  tax 
it  does  not  bind  itself  to  do  a  particular  thing  for  the  particulai* 
individual  in  return. 


t  '* Essays  on  Taxation,"  by  E.  R.  A.  Seligman,  2nd  ed„  New  York,  18J)7 
page  357. 

*  See  "  Essays  on  Taxation." 
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5.  Taxation  is  employed  to  meet  the  maintenance  anil 
sinking  fund  charges,  whereas  special  assessments  are  used  to 
provide  capital. 

Special  assessments,  therefore,  are  not  taxes.  They  differ 
from  taxes  in  the  same  way  as  fees  do,  since  both  fees  and  spe- 
cial assessments  rest  on  the  doctrine  of  equivalents.  Fees  and 
special  assessments,  however,  differ  in  some  respects:  — 

1.  Special  assessments  are  levied  only  for  specific  local 
improvements — fees  may  be  levied  for  any  services. 

2.  Special  assessments  are  paid  once  and  for  all — fees 
periodically.  The  fact  that  special  assessments  may  be  paid 
in  instalments  does  not  aftect  this  difference. 

3.  Fees  are  levied  on  the  individual  as  such,  whereas  spe- 
-cial  assessments  are  levied  on  the  individual  as  a  member  of  a 
^lass,  for  there  must  be  an  assessment  area  over  which  assess- 
ment is  distributed. 

4.  Special  assessment  must  always  involve  a  benefit  to 
real  estate,  while  fees  are  paid  for  services  which  may  benefit 
•other  elements. 

The  real  difficulty  in  special  assessments  lies  in  tlie  details 
of  execution. 

In  America  it  has  been  found  that  abuses,  springing  from 
two  sources,  entered  into  the  administration  of  the  system. 

On  the  one  hand,  the  popular  eagerness  for  premature  pub- 
lic improvements  and  consequent  negligence  of  public  officials 
result  in  gross  inequalities  in  the  apportionment  of  the  bur- 
dens and  excessive  impositions  on  the  property  owner. 

On  the  other  hand,  the  vesting  of  the  property  owner  with 
the  sole  power  of  initiation  enables  obstructionists  to  prevent 
the  execution  of  needed  public  works  and  to  evade  payment  of 
assessments  after  the  benefits  have  accrued. 

Recent  legislation  in  America  has  souglit  to  devise  nia- 
-chinery  to  avoid  these  abuses,  and  the  Omaha  Municipal  Law 
of  1897,  for  example,  endeavours  to  render  the  system  more 
-elastic  by  laying  down  the  cases  in  which  a  petition  from  ad- 
joining owners  is  necessary  before  the  local  authority  can  act. 
An  arbitrary  area  of  about  three-fifths  of  a  mile  radius  from 
the  court-liouse  square  is  fixed,  and  within  this  area  the  muni- 
<*ipality  may  order  paving  and  other  street  improvements  irre- 
spective of  the  wishes  of  tlie  owners  to  be  assessed.  Beyond 
these  limits  the  Council  may  do  original  paving  unless  the 
•owners  object,  but  they  may  not  repave  unless  the  frontagers 
petition. 

In  nearly  every  case  of  street  improvement  the  munici- 
pality is  benefited  to  a  greater  or  less  extent,  hence  in  some 
American  cities  provision  is  made  for  the  local  autliority  pay- 
ing part  of  the  cost,  one  practice  being  to  defray  the  cost  of 
paving  the  street  intersections. 
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The  argument  of  practical  expediency,  as  well  as  that  of 
equity,  requires  that  special  assessments  should  be  resorted  to 
in  the  case  of  Johannesburg. 

The  municipality  has  become  responsible  for  the  mainten- 
ance of  several  hundreds  of  miles  of  streets,  practically  all  of 
which  require  to  be  constructed  as  well.  So  far  as  operations 
have  gone,  it  has  been  a  rare  exception  to  find  a  substantial 
foundation  on  which  a  new  surface  can  be  laid.  In  England 
the  municipalities  do  not  assume  the  responsibility  of  main- 
taining streets  until  they  have  been  satisfactorily  paved,, 
sewered,  and  lighted.  The  owners  have  not  borne  the  expense- 
of  paving  and  sewering  the  streets  in  Johannesburg,  and  it  is 
contended  that  they  may  fairlj-  be  called  upon  to  do  so. 

Johannesburg  has  grown,  and  in  all  probability  will  con- 
tinue to  grow,  with  abnormal  rapidity,  and  it  is  impossible  for 
the  borrowing  capacity  of  the  town  to  keep  pace  with  its  re- 
quirements. Either,  therefore,  those  improvements  so  urgently 
needed  must  wait,  or  some  other  means  than  borrowing  must  be- 
resorted  to  in  order  to  raise  the  money  required.  It  is  esti- 
mated that  about  £2,500,000  will  be  required  to  construct  the 
roads,  and  about  £2,000,000  for  sewering  the  town,  a  total  of 
about  £4,500,000. 

It  must  not  be  forgotten  either  that  the  interest  and  sink- 
ing fund  charges  on  a  loan  of  4^  million  pounds  at  4  per  cent, 
would  involve  an  annual  payment  of  £260,235  in  order  to  repay 
the  amount  in  30  years,  and  that  at  the  end  of  this  period  a 
total  of  £7,807,050  would  have  been  paid  for  the  loan. 

If  the  special  assessment  system  were  adopted,  a  small 
loan  only  would  be  required  to  start  with,  and  the  sjyecial 
assessment  payments  coming  in  would  enable  the  work  to  be 
continued  without  further  borrowing. 

It  is  undesirable  to  impose  too  heavy  a  liability  on  pro- 
pertv  owners,  and  hence  it  is  suggested  that  special  assessments 
should  be  limited  to  construction  and  not  to  maintenance,  the 
town  assuming  the  responsibility  for  the  latter. 

The  nature  of  improvements  for  which  special  assessments 
may  be  levied  will  also  require  to  be  laid  down,  but  at  present 
we  are  immediately  concerned  with  roads,  sewers,  and  storm 
water  drainage,  and  for  these  special  assessments  may  fairly  be 
resorted  to. 

As  regards  the  basis  of  assessment,  it  is  obviously  desir- 
able not  to  tie  down  the  apportionment  to  the  foot-front  sys- 
tem, and  to  srive  as  much  elasticity  as  possible.  The  foot-front 
system,  if  laid  down  as  a  hard  and  fast  rule,  would  mean  that 
a  shallow  property  with  a  long  frontage  would  pay  too  much 
and  a  deep  property  with  a  short  frontage  too  little.  It  is  sug- 
srested,  therefore,  that  the  municipality  should  be  empowered 
to  take  into  consideration  the  greater  or  less  degree  of  benefit 
derived  by  any  premises  from  the  works  undertaken,  and  to 
include   any  premises   not   adjoining  the   street  but  deriving 
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benefit  from  the  improvement,  in  addition  to  the  power  to  ap- 
portion on  the  foot-front  method.  This  would  enable  excep- 
tional cases  to  be  judged  on  their  merits. 

The  municipality  should  also  have  power  to  pay  a  share 
of  the  cost  of  constructing  streets.  It  is  obvious  that  the  town 
as  a  whole  is  benefited  by  the  construction  of  wide  streets  in 
the  central  portion  of  the  town  and  in  the  main  suburban 
thoroughfares,  and  the  frontagers  would  naturally  object  to 
pay  the  cost  of  streets  which  were  wider  and  better  finished 
than  their  individual  wants  required.  The  definition  of  a  cen- 
tral area  within  which  the  municipality  would  contribute 
would  not  meet  the  case  of  the  main  suburban  roads.  It  is 
suggested,  therefore,  that  the  amount  of  the  contribution,  if 
any,  should  be  left  to  the  municipality  to  determine  in  each 
particular  case. 

In  the  case  of  sewers,  it  would  be  preferable  to  assess  the 
cost  of  each  area  as  sewered  on  the  property  owners  and  not 
to  deal  with  individual  streets,  owing  to  the  fact  that  some 
streets  would  have  a  main  sewer  laid  in  them,  which  would  be 
of  no  greater  advantage  to  the  owners  than  one  of  a  smaller 
size.  The  outfall  sewer  and  outfall  works  are  of  general  in- 
terest, and  should  be  paid  for  out  of  the  general  funds. 

With  regard  to  the  question  of  whether  improvements  are 
only  to  be  made  after  petition  from  a  majority  of  the  front- 
agers concerned  or  whether  the  municipality  may  initiate  such 
schemes  irrespective  of  the  views  of  those  interested,  the  best 
method  would  appear  to  be  to  place  the  power  in  the  hands  of 
the  local  authority,  the  frontagers  having  the  right  to  place 
any  objections  they  may  have  before  that  body.  If  the  owners 
are  alone  allowed  to  take  the  initiative  the  door  is  opened  to 
obstruction.  There  is,  of  course,  the  possibility  that  by  giving 
the  municipality  the  right  to  make  improvements  without 
petition  premature  works  may  be  undertaken  and  the  owners 
subjected  to  unnecessary  burdens,  but  the  municipal  legislation 
of  the  Transvaal  has  been  framed  on  the  basis  of  giving  large 
powers  to  local  authorities  and  to  trust  them  to  exercise  those 
powers  wisely.  There  is  little  reason  to  believe  that  this  trust 
IS 'misplaced  and  that  the  powers  will  be  misused. 

A  suggested  procedure  is  that  plans,  estimates  and  provi- 
sional apportionments  should  be  prepared  by  the  Town  En- 
gineer and  a  notice  published  that  these  documents  may  be  in- 
spected and  objections  lodged.  Any  objections  should  be  con- 
sidered by  a  special  committee  and  the  decision  of  the  Coun- 
cil arrived  at  on  this  committee's  report,  objectors  being  given 
the  right  of  appeal  to  the  Eesident  Magistrate,  whose  decision 
shoula  be  final. 

Owners  should  be  allowed  to  either  make  their  payment 
in  a  lump  sum  or  to  spread  them  over  a  period  of,  say,  three 
years,  with  interest  at,  say,  6  per  cent. 
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The  approximate  amount  of  special  assessments  for  a 
iiousehold  of  five  persons,  with  a  50  ft.  frontage,  has  been  cal- 
culated at  £49  15s.  6d.,  made  up  as  follows : 

*Road  Construction 

Footwalks  ...         \.. 

j\."rLi8  ...  ...  ••• 

vTUlvtJX  D  ...  ...  ... 

0\5^^6x  8  ...  •••  ...  • 

Stormwater  Drains 


£8  10 

0 

5  13 

0 

6    7 

6 

4    5 

0 

10    0 

0 

15    0 

0 

£49  15 

6 

*  This  amount  is  based  on  the  cheapest  class  of  road. 

It  must  be  remembered  that  in  most  cases  the  charges  for 
roads,  sewers,  and  drains  would  not  be  all  payable  at  the  same 
time,  and  that  the  total  would,  therefore,  be  probably  spread 
over  considerablv  more  than  three  years.  In  any  case,  the 
amount  is  a  small  one  when  the  benefit  of  the  improvements  is 
taken  into  account. 

Finally,  to  quote  Dr.  Rosewater*  :  — *^  With  few  excep- 
tions and  abuses  it  (the  system  of  special  assessments)  has  oper- 
ated in  the  United  States  to  the  general  satisfaction  of  all. 
It  rests  upon  principles  of  right  and  justice.  It 
brings  quick  results  at  the  very  time  when  needed.  It  dis- 
courages the  speculative  holding  of  unimproved  urban  pro- 
perty. Its  introduction,  like  that  of  every  new  plan  for  rais- 
ing revenue,  ma3%  in  places  where  other  methods  have  long  pre- 
vailed, involve  conflicting  considerations  of  expediency.  But 
for  young  and  rapidly  growing  municipalities,  the  system  of 
special  assessments  is  undoubtedly  the  best,  the  most  practic- 
able, the  most  just." 


•  Op.  cit.,  p.  149. 


48.— THE  PREHISTORIC  MONUMENTS  OF   RHODESIA. 

By  F.  P.  Menxell,  F.G.S., 

From  the  earliest  times  that  Europeans  have  had  inter- 
course with  South  Africa  vague  reports  have  been  current  of 
mj'sterious  structures  regarding  which  the  natives  had  no  tradi- 
tions and  as  to  whose  characteristics,  even,  no  reliable  informa- 
tion"*^ was  for  long  to  be  obtained.  The  first  accounts  were  those 
which  Arab  traders  gave  to  the  Portuguese.  They  stated,  in 
the  words  of  the  historian  De  Barros,  that  amongst  the  mines  of 
the  country  of  Monomotapa  was  a  **fortress  of  masonry  within 
and  without,  built  of  stones  of  marvellous  size,  and  there 
appears  to  be  no  mortar  joining  them.  The  wall  is  more  than 
twentj'  spans  in  width,  and  the  height  is  not  so  great,  consider- 
ing the  width.  Above  the  door  of  this  edifice  is  an  inscription 
which  some  Moorish  merchants,  learned  men,  who  went  thither 
could  not  read,  neither  could  they  tell  what  the  character  might 
be.  This  edifice  is  almost  surrounded  by  hills,  upon  which  are 
others  resembling  it  in  the  fashioning  of  the  stone  and  the 
absence  of  mortar,  and  one  of  them  is  a  tower  more  than  12 
fathoms  high."  This  account  is  the  first  published  of  Zimbabwe, 
and  is  evidently  taken  from  a  very  fairly  accurate  description  of 
the  famous  ruins.  Several  discrepancies  are  certainly  intro- 
duced, but  they  are  just  such  as  would  naturally  occur  in 
relating  from  memory  what  was  heard  some  time  before.  A 
good  deal  of  confusion  has  been  caused  by  the  description  of 
several  other  Zimbabwes,  and  by  the  application  of  the  name  to 
the  kraals  of  various  powerful  chiefs.  In  this  case  the  name  is 
not  used  at  all,  but  the  locality  is  given  as  a  hundred  and 
seventy  leagues  or  thereabouts  due  west  of  Sofala,  and  between 
20  and  21  degrees  south  latitude,  so  that  there  is  no  doubt  that 
Zimbabwe  is  really  meant,  quite  apart  from  the  description.  I 
desire  to  emphasise  this  poyit,  because  of  the  uncertainty  I 
previously  expressed  in  my  account  of  the  Zimbabwe  ruins,  an 
uncertainty  speedily  removed  by  perusing  the  translations  of 
original  documents  now  jnade  available  in  the  "Records  of 
South-East  Africa/'  issued  by  the  Cape  Government.  Numerous 
references  are  made  to  ruins  near  the  court  of  the  paramount 
chief  of  the  country,  "Monomotapa''  or  "Mambo,"  which  was 
obviously  in  the  Mazoe  district,  and  of  which  the  Portuguese 
writers  could  speak  from  personal  knowledge.  The  only  other 
reference,  however,  among  the  early  writers,  to  Zimbabwe  itself 
which  is  not  a  mere  copy  of  the  abovementioned  statement  is  that 
of  Father  Monclaro,  who  accompanied  Barreto's  expedition  in 
1572.  He  says :  "There  is  also  another  kingdom  adjoining  this 
Mocaranga,  which  is  the  kingdom  of  Besa,  where  there  is  a 
palace  oi  the  ancient  Monomotapas  which  the  Kaffirs  Hold  to  be 
a  supreme  piece  of  worlc.  All  the  Monomotapas  are  buried 
there,  and  it  serves  them  as  a  cemetery."     In  connection  with 
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this,  it  may  be  remarked  that  a  chain  of  mountains  close  to  Zim- 
babwe is  known  as  the  Beza  range,  and  the  name  may  well  be  a 
survival  of  that  mentioned  by  the  Portuguese  writer.  Many  of 
the  ruins  bear  traces  of  long-continued  Kaffir  occupation,  and  it 
was  only  a  few  years  ago  that  the  hill  ruins  at  Zimbabwe  were 
vacated  by  a  tribe  who  had  perched  their  huts  amongst  the 
rocks,  and  sometimes  even  on  the  ruined  walls.  This  leads  to 
the  certainty  of  much  confusion  from  an  uncritical  examination 
of  the  finds  that  have  been  made  from  time  to  time.  The 
natives  have,  however,  practically  no  ideas  concerning  the 
origin  of  the  ruins,  certainly  none  which  are  calculated  to 
throw  any  licrht  upon  the  subject.  The  fact  is  that  the  Kaffir 
does  not  trouble  himself  with  speculations  about  such  matters, 
but  he  is  nevertheless  rarely  at  a  loss  for  an  answer,  and  will 
generally  give  a  plausible  reply  to  a  question  even  if  he  never 
heard  of  the  subject  before.  De  Barros  relates  that  he  was  told 
the  ruins  were  **the  work  of  the  devil,"  no  doubt,  as  he  truly 
says,  because  **in  comparison  with  their  power  and  knowledge 
it  does  not  seem  possible  to  them  that  they  should  be  the  work 
of  man.''  It  is  important  to  remember  that  his  history  was 
written  some  350  years  ago,  and  that  this  was  the  statement  of 
people  whose  ancestors  have  in  all  probability  inhabited  the 
country  at  least  from  the  commencement  of  the  Christian  era. 
At  the  present  day  natives  frequently  assert  that  **the  Umlimo 
built  them,"  the  being  in  question  being  their  nearest  concep- 
tion of  anything  in  the  nature  of  a  god,  and  this  is  no  doubt 
what  De  Barros  himself  heard.  That  they  were  "always  there'* 
is  another  common  statement,  and  one  is  often  put  off  by  the 
counter  question,  "Do  not  the  books  of  the  white  men  say?  ' 
A  curious  saying  is  that  they  were  built  when  stones  were  soft, 
an  idea  which  forms  a  remarkable  parallel  to  the  statement  of 
some  of  the  South  American  Indians  regarding  the  cut  and 
drilled  gems  found  in  their  country.^  The  Matabele  often  say- 
that  the  Abalosi  built  them  for  cattle  kraals,  and  this  is  usually 
supposed  to  refer  to  some  of  their  predecessors  in  the  country. 
The  Makalunga,  however,  themselves  sometimes  talk  of  the 
**  Abaroswe  "  as  the  builders,  and  I  am  informed  that  the  rem- 
nant of  such  a  tribe  actually  exists  in  Mashonaland.  Probably 
they  were  at  one  time  much  more  numerous  and  important  than 
now,  but  their  connection  with  the  ruins  rests  on  no  sounder 
basis  than  the  more  obviously  fabulous  accounts. 

The  Bantu  are  considered  by  some  authorities  to  shew  signs 
of  being  a  degenerate  race,  but  even  if  this  be  so,  we  can 
scarcely  by  any  stretch  of  the  imagination  credit  their  ancestors 
with  the  conception  and  execution  of  such  remarkable  monu- 
ments. Professor  Tylor,^  indeed,  is  willing  to  accept  them  as 
evidence  of  a  much  higher  civilisation  among  the  race  in  former 

1  See  Tylor,  Early  History  of  Mankind,  p.  187. 
2  Primitive  Culture,  p.  47. 
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times,  but  he  admits  that  colourable  evidences  of  degeneration 
^re  very  rare.^     The  testimony  of  El-Masoudi,  writing  about  930 
A.D.,  shews  that  in  his  time  the  people  here  were  Kaffirs   with 
precisely  the  same  customs  as  now,  and  an  Arabic  inscription 
which  has  recently  been  brought  to  light^  proves  that  in  the 
year  95  of  Higra,  i.e.,  713-714  A.D.,  the  Arabs  had  already  pene- 
trated inland,  and  must  have  known  if  any  higher  civilisation 
had  then  existed.    Indeed  it  scarcely  seems  necessary  to  argue 
•against  the  possibility  of  a  people  like  the  Kaffirs  having  origi- 
nated the  ruins,  people  who  for  generations  are  content  to  make 
-a.  circuit  round  a  stone  it  would  not  take  them  a  minute  to 
remove,  and  whose  superslitions  require  them  to  remove  their 
kraals  to  another  place  when  the  headman  dies.    Is  it  conceiy- 
-able  that  such  a  people  should  originate  and  carry  out  public 
'works  of  the  first  magnitude,  which,  allowing  for  differences  in 
-^architectural  ideals,  equal,  if  they  do  not  surpass,  anything  that 
the  European  has  done  in  the  four  hundred  years  since  he  first 
-set  foot  on  the  southern  half  of  the  African  continent?    Or  will 
it  be  credited  that  people  capable  of  carrying  out  such  a  scheme 
-as  the  great  temple  at  Zimbabwe,  with  its  massive  stone  walls 
30  feet  high  and  15  feet  thick,  should  not  only  be  content  to 
live  in  mud  huts  surrounded  by  a  fence  of  thorns,  but  have 
■actually  lost  all  traces  of  the  form  of  religion  which  prompted 
its  erection  ?    And  if  we  go  back  to  the  days  before  the  invading 
^antu  overspread  the  land,  we  have  every  reason  to  believe  that 
the  Bushmen  were  the  occupants  of  the  inland  plateaux,  and 
the  Hottentots  of  the  coastal  regions.    These  races  are  far  lower 
in  the  scale  than  the  Bantu,  neither  having  reached  the  stage  of 
fjultivating  crops  or  working  the  useful  metals.     The  former, 
indeed,  dwelt  in  caves  and  rock  shelters,  destitute  of  all  save  the 
Tudest  arts,  and  affording  to  the  present  day  an  illustration  of 
the  life  and  habits  of  paleolithic  man. 

It  seems,  therefore,  almost  as  if  we  must  attribute  an 
^external  origin  to  the  mysterious  structures  that  we  are  con- 
-sidering,  and  we  must  certainly  look  to  the  ruins  themselves  for 
further  evidence.  And  even  in  dealing  with  the  features  that 
they  present,  it  is  perhaps  premature  to  make  generalisations  of 
a  sweeping  character.  Though  the  existence  of  several  hundred 
distinct  structures  seems  probable,  there  are  only  six  of  any 
importance  of  which  a  reliable  description  is  extant,  and  each 
-of  these  has  features  which  are  seen  in  none  of  the  others.  It 
may  be  as  well  to  enumerate  these  six  with  the  authors  who  have 
described  them.  Thev  are :  Zimbabwe  (Bent,  Willoughby, 
Mennell);  Matendele  (Bent);  Khami  (Gill,  White,  Mennell): 
Dhlo-dhlo  or  Mambo  (White);  Begina  (White);  Nanatali 
(Popham).  The  published  accounts  of  other  ruins  are  mere 
Tiearsay  statements  of  untrained  observers  or  the  work  of  those 

'  Loc.  clL^  p.  67. 
2  See  Lane-Poole,  Proc.  Roy.  Irish  Acad.,  Vol.  XXIV.,  Sec  C,  pp.  47—54 
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who  have  been  convicted  of  grave  inaccuracies  in  the  case- 
of  known  ruins.  What  follows  is,  therefore,  founded  on  the- 
accounts  specified,  supplemented  by  the  author's  personal 
observations  of  a  number  of  smaller  ruins. 

The  area  in  which  the  ruins  occur  is  one  defined  by  striking- 
natural  features :  the  Zambesi  on  the  north  and  the  Limpopo  on 
the  south,  the  desert  on  the  west,  and  the  ranges  bordering  the 
plateau  to  the  east.  So  far  as  I  can  discover,  there  are  no  ruins 
in  Portuguese  territory,  though  it  is  often  asserted  that  they 
extend  to  the  coast.  They  appear  to  be  fairly  evenly  scattered 
over  the  extensive  tract  in  which  they  occur,  and  afford  pre- 
cisely similar  features,  allowing  for  a  certain  amount  of  varia- 
tion in  details  thorughout  the  whole  area. 

The  material  used  is  invariably  stone,  and  always  granite- 
where  procurable.     This  is  even  the  case  where  it  has  had  to 
be  transported  from  a  distance.     In  some  instances  other  rocks- 
are  used,  as  sandstone  at  Wankies,  and  schist  and  banded  iron- 
stone on  some  of  the  more  extensive  areas  of  metamorphic  rocks. 
Single  courses,  slabs,  posts,  etc.,  of  dolorite,  hornblende,  talc,  or 
chlorite  schist,  banded  ironstone,  quartz,  and  even  wood  are 
often  introduced  for  decorative  purposes  or  for  constructional 
details  where  the  granite  has  evidently  not  been  readily  reduced 
to  the  required  shape.     Unlike  the  Egyptian,  Phoenician  and 
other  monuments  of  historic  ages  and  the  European  phallic 
structures  of  more  remote  antiquity,  large  blocks  of  stone  are 
never  used ;   on  the   contrary,  they  are  very  small,  consider- 
ing the  material,  not  greatly  exceeding  the  size  of  an  ordinary 
brick.'      Large  boulders  of  granite,  however,  have  sometimes 
been  left  ifi  situ  and  walls  built  over  and  around  them.     The- 
blocks  of  stone  are  always  carefully  trimmed  on  their  outer 
faces,   and   laid   together   without    mortar,   though   a   kind    of 
cement,  evidently  hardened  by  burning,  is  almost  invariably  to 
be  found,  sometimes  covering  the  floor  and  even  laid  over  stone- 
work, especially  steps.     In  thickness  the  walls  vary  from  two 
to  twenty  feet,  and  the  height  may  be  anything  up  to  thirty 
feet,  though  frequently  not  more  than  six.     The  courses  are 
usually  very  even,  but  sometimes  die  out  as  they  are  continued,, 
smaller  and  smaller  stones  being  introduced  until  they  abut 
against  a  stone  of  the  course  below,  which  is  sli'^htly  above  the 
usual  level.    Such  *'false  courses''  are  observed  even  in  the  great 
cone  and  the  temple  wall  at  Zimbabwe,  which  are  probably  as*^ 
perfect  examoles  of  the  dry-builder's  art  as  are  anywhere  to  be 
seen.    Foundations  are  either  more  roughly  built,  and  somewhat: 
wider  than  the  superstructure,  as  at  Zimbabwe,  or  of  rathfer 
larger  stones  as  at  Khami.    Artificial  levelling  of  the  ground  is 
often  found,  as  well  as  the  construction  of  mounds  to  raise  the 

1  The  size  of  the  blocks  is  readily  explained  by  the  fact  that  the  granite- 
weathers  by  a  process  of  scaling  off  in  larp:e  sheets  from  a  foot  to  an  inch  or  two 
in  thickness.  Blocks  a  few  inclies  thick  are  therefore  obtainable  in  any  quantity 
by  merely  breaking  up  one  of  these  "  shells  "  into  pieces  of  tlie  required  size. 
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central  part  of  the  ruin,  as  at  Jfanatali  and  Zimbabwe.  Where 
the  walls  are  built  round  a  small  rise,  as  is  often  the  ease,  ter- 
racing is  a  frequent  feature,  or  in  the  ease  of  steep  scarps,  the 
walls,  after  rising  to  a  certain  height,  are  stepped  back  a  few 
feet.  Khami,  Dhlo-dhlo,  Eegina,  Nanatali,  and  the  hill  ruins 
at  Zimbabwe  all  shew  excellent  examples  of  these  types  of  con- 
struction. The  filling  in  as  far  as  the  retaining  wall  is  done  with 
rough  stones,  covered  with  cement  flooring,  and  both  at  Eegiua 
and  Nanatali,  curious  circular  holes  or  pipes,  carefully  built 
round  with  dressed  stones,  are  found  descending  through  the 
rubble.  These  may  be  for  drawing  off  surface  water  from  the 
cement  flooi-s,  like  the  square  but  nearly  horizontal  holes 
through  the  walls  both  of  the  temple  and  the  hill  ruins  at  Zim- 
babwe. Terracing,  etc.,  are  naturally  not  seen  where  the  struc- 
ture is  on  perfectly  level  ground,  as  the  Zimbabwe  temple  and 
some  of  the  smaller  ruins  at  Khami.  In  such  cases  great 
stability  is  given  by  a  considerable  batter  back,  so  that  a  wall 
16  feet  at  the  base,  for  example,  is  9  or  10  feet  at  the  top,  about 
30  feet  from  the  ground. 

At  present  there  is  no  criterion  which  enables  us  to  dis- 
tinc'uish  between  the  civil  and  religious  architecture  of  the 
ancients,  especially  as  in  most  cases  it  seems  probable  that  the 
ruins  were  adapted  for  both  religious  and  militarv  purposes. 

Nearly  all  the  larger  structures  arc  of  roughly  circular  out- 
line, often  with  considerable  irregularities  depending  on  the 
contour  of  the  ground.  They  are  divided  into  compartments  by 
means  of  walls,  which  approximately  represent  arcs  of  smaller 
concentric  circles,  intersected  by  radial  walls,  which  would  pass 
through  the  centre  if  continued,  but  which  usually  start  from 
the  sides  of  a  small  circular  enclosure  in  the  middle  of  the 
building.  These  radial  walls  are  never  perfectly  straight,  and 
rarely  shew  a  well  defined  angular  junction  or  corner.  They 
are  not  dovetailed  into  the  walls  they  meet,  but  simply  abut  up  * 
against  them,  even  in  instances  where  they  curve  considerably 
80  as  to  avoid  forming  a  sharp  corner.  Indications  of  roofing 
are  extremely  rare,  though  in  some  cases,  as  at  Khami,  Dhlo- 
dhlo,  and  Segina,  passages  appear  to  have  been  covered,  and 
occasionally  wooden  posts  are  let  into  the  walls  as  if  to  form 
supports  for  beams.  These  exceptions,  however,  only  serve  to 
emphasise  the  general  absence  of  such  indications,  and  it  may 
be  asserted  with  considerable  confidence  that  most  of  the 
buildings  are  simply  enclosures  never  intended  to  be  roofed  in. 
Indeed,  the  roofing  of  such  a  structure  as  the  temple  at  Zim- 
babwe or  the  ruins  at  Regina,  Nanatali  and  Dhlo-dhlo  would  be 
no  mean  engineering  feat  at  the  present  day. 

There  is  abundant  evidence,  however,  that  while  some  of 
the  entrances  were  mere  gaps,  or  breaks  in  the  continuity  of  a 
wall,  others  were  similar  to  modem  doorways,  the  upper  courses 
of  the  walls  being  carried  across  them.  The  ancients  had  no 
knowledge  of  the  principle  of  the  arch ;  lintels  of  stone  or  wood 
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are  always  used.  Bent  states  that  the  north-west  entrance  of  the 
temple  at  Zimbabwe  had  wooden  lintels,  though  apparently  no 
traces  now  remain.  On  the  hill,  liowever,  of  the  two  covered 
gateways,  one,  nearly-  fallen  in,  shews  a  wooden  lintel,  while  the 
other  is  carried  over  slabs  of  chlorite  schist.  At  the  'Mpako 
ruins  in  the  Victoria  district,  which  I  examined  in  September, 
1902,  there  is  a  fine  covered  entrance  to  one  of  the  enclosures. 
It  passes  through  a  wall  fully  4  ft.  thick,  which  is  carried  over 
five  slabs  of  granite,  and  shews  the  curious  partial  walling  up 
of  an  originally  larger  gap,  just  as  Bent  describes  in  the  case  of 
Matendele  ruins.  The  ends  of  the  walls  are  in  this  instance 
square,  while  at  Zimbabwe  they  are  rounded.  It  may  be  men- 
tioned that  at  two  entrances  in  the  Temple  at  Zimbabwe  the 
walls  on  either  side  have  each  one  corner  square  and  the  other 
rounded  off. 

A  curious  feature  of  manv  entrances  are  the  structures 
sometimes  called  buttresses,  which  they  by  no  means  resemble 
in  function,  though  they  may  in  appearance.  They  are 
always  rounded  or  shew  two  curved  sides  meeting  at  an  anorle, 
and  are  sometimes  almost  detached  from  the  wall,  having  only  a 
small  segment  cut  off  by  it.  One  such  at  Khami  was  evidently 
capped  by  a  large  circular  slab  of  stone,  now  fallen.  Some  of 
these  structures  are  obviously  of  a  utilitarian  character,  nar- 
rowing passages  and  having  grooved  recesses  into  which  a 
number  of  stone  slabs  might  be  inserted  to  form  a  kind  of  port- 
cullis. These  recesses  are  also  seen  in  the  ordinary  entrance 
ways  and  even  along  walls,  where  they  sometimes  shew  upright 
stone  or  wooden  posts  whose  use  is  somewhat  of  a  mystery.  At 
Xanatali  there  are  circular  holes  in  the  cement  floor  just  by 
two  of  the  entrances,  and  it  has  been  very  plausibly  suggested 
that  they  held  totem  posts  or  objects  of  a  similar  character. 
By  tlie  entrance  to  one  of  the  valley  ruins  at  Zimbabwe  the 
stump  of  such  a  post  is  still  to  be  seen. 

One  of  the  most  interesting  structures  in  Bhodesia  is  the 
cone  at  Zimbabwe,  which  is  a  solid  mass  of  masonry  built  in  the 
same  way  as  the  walls  of  the  ruins,  about  35  feet  high  and  18 
feet  in  diameter  at  the  base.  This,  taken  in  conjunction  with 
the  phalli  which  have  been  found,  places  the  religious  character 
of  the  great  circular  building  and  the  form  of  religion  practised 
beyond  a  doubt.  The  cone,  whose  meaning  is  not  at  all  clear, 
replaces  in  nature-worshipping  temples  the  statues  and  images 
of  other  cults  and  in  the  case  of  the  Phoenicians  was  placed  in  an 
unroofed  enclosure  just  as  at  Zimbabwe.  Nature-worship,  how- 
ever, was  one  of  the  most  widespread  religions  of  antiquity,  and 
therefore  affords  no  clue  to  the  builders,  except  in  so  far  as  it 
excludes  the  Mahometan  Arabs  and  other  races  that  have  been 
suggested.  A  circular  erection,  21  feet  in  circumference,  stands 
besides  the  «3rreat  cone,  and  has  usually  been  taken  as  a  smaller 
structure  of  a  similar  character.  This  would  farm  a  parallel  to 
the  custom  of  the  Aztec  sun  worshippers  of  Mexico,  who  by  the 
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side  of  the  pyramid  dedicated  to  Tonatiuh  the  sun,  placed  a 
smaller  one  for  Metztli  the  moon.  There  are,  however,  grave 
doubts,  to  my  mind,  whether  this  almost  completely  ruined 
structure  was  really  a  cone  at  all;  I  am  much  more  inclined  to 
think  that  it  may  be  the  altar,  of  which  otherwise  all  traces 
have  been  obliterated.  The  cone  and  the  altar,  if  such  it  be,  are 
placed  in  a  kind  of  swelling  in  the  curious  passage,  very  narrow 
east  of  the  cone,  which  runs  half-way  round  the  temple.  The 
enclosure  would  not  hold  a  large  number  of  people,  but  it  is 
overlooked  by  a  platform  on  a  much  higher  level,  where  the 
principal  devotees  no  doubt  took  their  stand.  Such  platforms  are 
a  constant  feature  of  the  ruins.  On  Zimbabwe  hill  there  is  one 
partly  natural  and  partly  artificial,  on  which  several  tall  rough 
pillars  of  stone  are  placed,  and  another,  almost  entirely  natural, 
^n  the  highest  accessible  point,  which  commands  a  magnificent 
new  of  the  surrounding  country.  The  function  of  these  plat- 
'orms  is  evidently  somewhat  different  to  those  in  the  temple, 
ind  they  remind  us  forcibly  of  the  "  high  places  "  of  Baal  wor- 
hip.  6oth  are  approached  by  narrow  passage  ways.  The 
former  has  stone  steps  upon  one  side,  while  on  the  other  it  is 
-eached  by  a  winding  way  through  the  two  covered  entrances 
hat  have  been  mentioned.  The  latter  has  an  approach  through 
I  cleft  between  two  rocks,  which  meet  overhead. 

Narrow  passages  and  tortuous  ascents  are  a  marked  feature 
>f  certain  ruins.  Thus  the  hill  ruins  at  Khami  and  Zimbabwe 
aire  both  placed  on  high  kopjes,  with  protecting  walls  along 
every  point  where  the  ascent  is  at  all  practicable,  while  pre- 
cipitous faces  have  no  such  safeguards.  The  approaches,  especi- 
ftlly  at  Zimbabwe,  are  very  narrow,  and  protected  with  walls  on 
either  side,  and  are  commanded  by  numerous  enclosures,  which 
would  form  admirable  points  of  vantage  for  a  defending  force. 
The  way,  however,  is  made  easy  for  authorised  persons  by 
winding  to  avoid  difficult  places  and  by  steps  carefully  built  of 
stones  and  sometimes  covered  with  cement  at  the  steeper  slopes. 
There  are,  besides,  curious  recesses,  jwith  steps  ascending  to- 
wards the  back,  which  is,  however,  formed  by  an  unscaleable 
wall.  As  before  mentioned,  parts  of  these  passages  appear  in 
several  instances  to  have  been  covered,  and  a  recess  at  Khami 
has  wooden  posts,  which  Mr.  Franklin  White  has  suggested 
formed  supports  for  a  light  roof. 

The  walls  of  many  ruins  show  features  which  are  obviously 
intended  as  architectural  embellishments,  though  some  may 
possibly  have  had  a  religious  significance  also.  Courses  of 
dark-coloured  stones  are  often  introduced  to  contrast  with  the 
granite,  or  the  arrangement  of  the  blocks  is  varied  so  as  to 
produce  various  patterns.  The  commonest  decoration  is  the 
chequer  pattern,  produced  by  leaving  gaps  between  each  stone, 
while  chevron,  dentelle,  sloping  block,  and  herrinar-bone  pat- 
terns are  also  seen,  especially  the  last-named.  These  have 
already  been  described  and  figured  by  Mr.  White  in  the  first 
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report  of  this  association.  Statements  have  been  made  as  to 
their  facing  in  particular  directions,  but  in  a  single  ruin  they 
may  be  found  facing  every  point  of  the  compass,  and  the  only 
case  in  which  such  an  idea  seems  to  have  any  foundation  ia 
that  of  the  chevron  pattern  on  the  temple  at  Zimbabwe,  which 
roughly  indicates  the  part  of  the  wall  which  is  illuminated  by 
the  rising  sun  at  micf-summer.  Pillars  of  stone,  sometimes 
rough  slabs  of  granite  or  schist,  and  in  other  cases  elaborately 
carved  talc  are  found  inserted  at  intervals  along  the  tops  of  the 
walls.  At  Zimbabwe,  these  were  often  carved  in  the  shape  of 
a  bird  of  prey.  Small  towers  also  rise  above  the  general  level 
of  the  summits.  These  are  round  at  Zimbabwe  and  square  at 
Nanatali,  where  they  are  placed  on  a  cement  base.  In  botk 
cases  they  are  connected  with  the  pillars  already  mentioned^ 
alternating  with  the  latter  at  Zimbabwe  and  surmounted  by 
them  at  Nanatali. 

Outside  the  large  edifices  whose  features  have  been  alluded 
to  in  the  foregoing  pages  there  are  some  small  structures  which 
merit  notice.  At  the  Eegina  ruins  there  is  a  series  of  what  can 
only  be  termed  cromlechs  on  a  small  scale,  of  which  descrip- 
tions and  photographs  have  been  given  me  by  Mr.  H.  W.  Gar- 
butt.  They  are  only  a  foot  or  so  in  height,  but  the  chief  im- 
pression received  from  a  photograph  is  the  striking  similarity 
to  Stonehenge.  What  their  object  may  have  been  I  am  at  a 
loss  to  conjecture.  I  have  also  seen  circles  of  upright  stone» 
about  18  inches  to  2  ft.  hicrh  in  the  Umsingwane  Valley,  due 
south  of  Taba-s-Inyoka,  which  are  also  strongly  reminiscent  of 
neolithic  structures:  they  may,  however,  have  no  connection 
with  the  ruins.  Other  circles  of  a  different  nature,  looking  like 
the  foundations  of  huts,  are  seen  at  Matendele,  Nanatali, 
Kharai,  and  'Mpaku.  They  are  sometimes  cemented  over,  and 
show  spaces  where  poles  were  inserted  or  even  remains  of  the 
poles  themselves.  These  circles  are  of  great  interest,  as 
possibly  shedding  some  light  on  the  domestic  architecture  of 
the  ancients.  We  can  scarcely  suppose  that  the  enclosures  that 
liave  been  described  were  intended  for  dwelling  places.  In  a 
few  instances,  as  in  the  case  of  a  curved  wall  with  post  holes  on 
Zimbabwe  Hill,  we  may  suppose  that  there  was  a  roof,  but  these 
are  only  rare  exceptions.  The  massive  ruins,  that  are  often  all 
that  we  now  see,  must  have  formed  merely  the  nucleus  around 
which  clustered  the  slighter  wooden  structures  where  dwelt  the 
meaner  inhabitants  at  least.  Some  of  the  principal  men  may 
have,  and  indeed  no  doubt  did,  reside  within  thd  walls,  but  the 
latter  seem  to  have  been  intended  primarily  as  a  iwotectit>n 
against  attack  and  as  places  within  whit?h  gold  working  opera- 
tions could  be  carried  on  in  security  and  seclusion.        '      '•  . 

That  gold  mining  had  a  great  deal  to  do  with  the  buildings 
of  the  ruins  no  one  can  doubt,  from,  the  number  o^f  evidences  of 
smelting  the  orecioiTS  metal  and  working.it  up  into  headsi  wire, 
chain  and  other  ornaments  that  have  been  found.     At  the  same 
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time    it    is   remarkable    that   nearly    all     the     ruins     are    on 
the    granite    which    never    contains    gold    reefs.       The    so- 
t?alled  "  ancient  workings,"  which  are  so  numerous  throughout 
Rhodesia,  are  also  certainlj^  in  nine  cases  out  of  ten,  compara- 
'tively  modern.     The  Arabs  are  known  to  have  traded  with  the 
natives  for  gold  at  Kilwa  and  Sofala   for   fully    five    hundred 
years  previous  to  the  Portuguese  discoveries,  while  the  Portu- 
guese continued  the  trade,  and  even  essayed  mining  on  their 
own  account.     It  has  been  contended  that  this  native  mining 
was  only  for  alluvial,  but  the  early  Portuguese  writers  describe 
•quartz  mining,^  and  point  out  that  the  gold  thus  obtained  is  of 
less  fineness  than  alluvial.     Father  Monclaro  further  mentions  - 
the  manufacture  of  gold  ornaments  by  the  natives,  and  I  learn 
from  early  settlers  here  that  many  of  the  Makalanga  possessed 
gfold  bangles,  etc.,  before  the  Chartered  Company's  occupation 
•of   Mashonaland.      Selons^    adduces   good    evidence    that    the 
natives  continued  gold  mining  to  the  present  day.     These  con- 
siderations, together  with  finding  Kaffir    hoes    and    even    such 
perishable  articles  as  mealie  cobs  at  considerable  depths,  are 
-<q[uite  sufficient  to  cause  grave  doubts  as  to  whether  any  of  the 
"^vorkings  opened  by  the  ancients  are  likely  to  have  been  left  in 
"their  original  state  to  the  present  day.       The  Kaffir  no  doubt 
xeopened  the  cuttings  of  his  predecessors,   just   as   the   modern 
"prospector  has  done,  even  if  the  former's  knowledge  of  mining 
:is  not  directlv  traceable  to  the  influence  of  the  older  miners. 

The  subject  of  mining  brings  us  naturally  to  the  considera- 
tion of  the  tools,  implements,  etc.,  of  the  ancients.     My  first 
impression  was  that  the  dressing  of  stones  in  the  way  it  is  done 
-at  the  various  ruins  was  practically  impossible  without  iron,  or 
-at  least   bronze,    tools.       A  very  careful  examination  of  large 
numbers  of  the  squared  blocks  has  caused  me  to  abandon  this 
opinion,  as  the  fractures  are  not  of  such  a  character  as  would  be 
the  case  if  edged  tools  of  metal  were  employed.       Further,  no 
metals  except  gold  and  copper  appear  to  have  been  worked ;  so- 
•called  objects  of  bronze  are  always  of  unalloyed  copper.     This 
is  the  case  even  with  spear-heads  found  at  Dhlo-dhlo  and  Zim- 
babwe.      With  the  exception,  too,  of  boring  holes  in  certain 
•oval  stones,  there  is  never  any  attempt  at  incised  or  engraved 
work  in  the  case  of  any  other  material  than  talc  ("  soapstone ''), 
which  can  be  furrowed  even  by  the  finger  nail.       Numerous 
chipped  and  ground  stone  implements   have    b^en    found,    and 
altogether  the  evidence  at  present  seems  almost  to  necessitate 
our  referring  the  building  of  the  ruins  to  a  date  even  prior  to 
the  use  of  bronze,  that  is  to  Siiy,  antecedent  to  1500  B.C.*     It 
may  be  pointed  out,  however,  that  tin  is  of  such  extreme  rarity 

'See  Dos  Santos;  Records  of  S.E.  Africa,  Vol.  VII.,  p.  218—9, 

2Rec.  S.E.  Africa,  Vol  III.,  p.  234. 

'Geog.  Journal,  Vol.  I.,  No.  4,  p,  308. 

*  See  Gladstone,  Nature,  April  1898,  pp.  594—8. 
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in  South  Africa  that  no  indigenous  race  would  be  in  any  way 
likely  to  discover  its  utility  in  hardening  copper,  though  in  thia 
connection  it  is  of  great  interest  to  note  that  a  few  small  buttons 
of  smelted  tin,  together  with  two  or  three  beads  made  of  the 
same  material,  were  found  at  the  Khami  ruins  some  years  ago,, 
and  are  now  in  the  Rhodesia  Museum. 

It  is  not  my  purpose  on  the  present  occasion  to  further  dis- 
cuss the  objects  found  in  the  ruins,  though  they  throw  much 
light  on  the  degree  of  civilisation  existing  amon^  the  builders. 
They  had  undoubtedly  attained  a  high  state  of  what  may  be 
termed  barbaric  culture,  very  similar  to  that  of  the  A^tecs^ 
though  it  apparently  fell  short  of  the  employment  of  written 
characters  or  even  of  picture  writing.  Whether  their  civilisa- 
tion was  of  purely  indigenous  growth,  or  whether  they  brought 
with  them  the  arts  of  another  land  must  remain  a  moot  point 
until  we  are  in  possession  of  further  facts.  At  present  we  can 
scarcelj'  be  said  to  have  even  a  working  hypothesis  to  go  upon^ 
and  the  evidence  necessary  for  a  definite  solution  of  the  problem 
is  only  beginning  to  be  collected. 


44.— INYANGA    FORT. 

A  Repout  of  an  Examination  of  these  Ruins. 

By  R.  N.  Hall,  F.R.G.S. 

(Plate  XLIV.) 

These  ruins  are    situated    two    miles    south-east    of    Mr. 
Hhodes'  farmstead,  on  the  comb  of  the  ridge  of  a  long  kopje 
ivhich  runs  from  north-east    to    south-west.       The    hill    rises 
steeply  on  either  side  of  the  line,  but  ascends  in  gentle  slopes 
at  its  extremities.     The  ruins  command  a  strong  strategic  posi- 
tion, %nd  a  most  extensive  view,  and  overlook  valleys  and  downs 
•which  are  thickly  covered  with  the  remains  of  stone  dwellings 
«nd  walls.     The  precipitous  cliffs  of  Inyanga  Mountain  (9,000 
a.  above  sea-level)  rise  in  gigantic  form  some  four  miles  to  the 
east.     The  valley  on  the  summit  of  the  Inyanga  Range  shows 
country  fair  and  fertile,  stretching  in  one  azure  sea  of  hills 
and  valleys  to  Nani  (fifty  miles),  and  on  towards  Katereris 
(sixty  miles).     Towards  the  west  is  a  similar  view,  extending 
in  giant  steppes  in  the    direction    of   Headlands  and    Maran- 
dellas.     The  southern  view  is  narrowed  by  the  giant  granite 
bluffs  of  York  Hills,  while  Major  Van  Niekerk's  farmstead  fills 
in  the  nearer  distance.       To  the  south-east,  at  a  distance  of 
some  three  miles,  can  be  seen  against  the  sky-line  similar  ruins 
to  the  Inyantra  Fort,  only  smaller,  but  in  a  better  state  of  pre- 
servation.      This  is  on  the  eastern  side  of  the  summit  of  a 
balloon -shaped   kopje,   whose   northern   face   is   steep  and   in- 
accessible.    These  are  known  as  the  "  Bidef ord  "  Ruins,  being 
on  the  Bideford  Farm,  on  Mr.  Rhodes'  estate. 

The  farmstead  Fruitlands,  our  headquarters,  appears  to 
be  far  below  in  a  valley,  though  actually  it  is  built  on  the  face 
(>f  a  hill.  Numerous  cascades  in  several  valleys  appear  to  be 
but  streaks  of  white,  and  kraals  and  other  objects  below  can 
onlv  be  discerned  with  the  aid  of  field-glasses.  Camping  out 
at  these  ruins  at  this  high  elevation  (7,000  ft.),  one  is  in  a 
keener  atmosphere,  far  cooler  than  at  the  farmstead,  and  the 
nights  are  found  to  be  much  colder.  Mists  envelope  the  hill 
at  times,  but  they  roll  on  and  off  very  quickly  and  suddenly. 
The  scenic  effects  produced  by  these  mists  are  exceedingly  fine 
and  weird,  and  the  contrast  between  the  opaque  wall  of  vapour 
and  the  sunny  valleys  shown  through  passing  rifts  is  most  in- 
describably fascinating.  The  usual  daybreak  view  from  this 
point  is  of  hundreds  of  sun-bathed  rocky  islands  standing  out 
from  a  white  sea  of  mist,  or  a  fleeting  Alpine  view  in  minia- 
ture. 

AREA. 

The  area  covered  by  these  ruifia,  excluding  traces 
of  terraces  and  walls  immediately  surrounding  them,  is  200  ft. 
from  north  to  south  and  250  ft.  from  east  to  west. 
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plan  and  construction. 

All  the  walls,  with  the  exception  of  two,  one  being- 
of  very  poor  construction,  are  built  upon  a  curved 
plan.  In  other  respects  the  features  are  angular,  the 
walls  are  perpendicular  or  with  most  imperceptible  batter- 
back,  the  entrances  are  singular  and  not  rounded,  and  all  the 
loop-holes  are  square.  The  plan  very  closely  resembles  the 
riding-terrace  or  wedding-cake  style  of  building  which  crown 
and  cover  the  summit  of  hills  in  a  portion  of  western  Matabele- 
land,  but  it  would  be  unwise  at  present  to  place  too  much  reli- 
ance on  the  parallelism. 

A  close  inspection  leaves  a  strong  impression  of  a  com- 
bination of  both  skilled  and  unskilled  design  and  construction, 
extremely  difficult  to  reconcile  owing  to  contradictory  evi- 
dences. This  combination  of  crude  and  unskilled  workman- 
ship suggests  that  the  actual  labour  was  that  of  a  very  old 
native  people,  with  the  inclusions  of  features  of  architecture 
conveying  the  idea  of  at  least  some  direction  and  supervision 
by  a  more  skilled  race  of  builders.  This  impression  is 
strengthened  when  one  considers  the  presence  in  the  very 
vicinity  of  such  buildings  as  that  now  being  described — a  type 
of  many  others  in  the  Inyanga  district — of  aqueducts  miles  in 
extent,  which  score  the  faces  of  the  hills  in  this  and  corre- 
sponding areas,  and  which  aquaducts,  as  well  as  the  associated 
hill  terraces,  must  have  been  the  work  of  skilled  engineers,  and 
not  that  of  any  native  people  left  to  its  own  power  of  initia- 
tive. 

The  building  material  employed  is  of  the  country  rock — 
blue  slate,  and  this  yields  itself  in  rough  boulders  and  slabs — 
which,  when  used  in  walls  afford  the  builders  no  opportunity  of 
keeping  many  courses  or  of  attempting  to  distribute  the  joints 
or  to  bond  the  stones,  thus  leaving  fissures  and  gaps  between 
the  stones,  which  are  filled  in  with  small  stones. 

One  other  prominent  feature  in  the  construction  of  the 
walls  is  that  instead  of  laying  the  slabs  on  their  flat  sides, 
these  are  set  up  on  their  edges  in  a  vertical  position  in  the  outer 
faces  of  the  walls,  with  their  broad  face  outwards.  Some  of 
these  slabs  are  large,  heavy,  and  shapeless,  and  these  are  to  be 
^een  even  in  the  higher  parts  of  the  wall.  There  is  no  sifarn  of 
any  of  the  stones  ever  having  been  dressed.  This  style  of  archi- 
tecture has  a  parallel  in  a  minor  ruin  at  Zimbabwe,  which  is 
not,  for  very  many  reasons,  believed  to  be  ancient. 

MUKAL    DECOKATIOX    AND    MONOLITHS. 

These  are  entirely  absent  from  these  and  similar  ruins. 

COVERED   EN'TRANCES. 

These  are  very  numerous,  both  in  outer  main  walls 
and  ■  also  divisional  walls.  They  are  all  angular,  have 
large    slabs    of    stone    placed    over    them    for    roofing,     and 
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none  have  any  portcullis  grooves.  The  average  measurements 
of  these  entrances  run  as  follows :  — Floor  to  roof,  3ft.  lOin. ; 
width,  2ft.  2in.;  length  through  wall,  6  ft.;  length  through 
banquette  wall,  which  runs  round  the  inside  of  the  main  and 
some  of  the  divisional  walls,  from  3  ft.  to  5  ft. ;  the  total  length 
of  covered  entrance  passages  averaging  from  9  ft.  to  12ft.  There 
^re  covered  entrances  still  intact,  and  somb  others  which  are 
now  roofless  and  dilapidated. 

LOOP  HOLES. 

In  all  walls,  both  main  and  divisional,  there  are  square 
loopholes  which  run  through  both  wall  and  banquette,  thus 
giving  them  a  length  of  from  8  ft.  to  12  ft.,  accord- 
ing to  the  width  of  the  banquette.  The  holes  are  no  less  than 
-12  in.  by  12  in.,  and  all  are  fairly  well  squared  throughout  their 
length.  These  holes  are  in  rows  at  about  3  ft.  to  5  ft.  above  the 
ground,  but  they  are  not  all  exactly  on  the  same  level.  The 
lioles  are  fairly  distributed  along  and  around  the  walls.  It 
"HTOuld  be  quite  possible  to  shoot  an  arrow  through  the  shorter 
lioles,  but  natives  affirm  that  this  could  also  be  done  through 

ihose  of  the  longer  ones  which   are  still  perfect.     The  total 

number  of  these  holes  at  these  ruins  must  be  at  least  fifty. 
There  appears  to  have  been  verv  few  loopholes  in  the  walls 
:5ibove  the  banquette  walls,  possibly  as  the  banquette  inside  the 

main  wall  would  enable  anyone  standing  upon  it  to  see  over  the 

main  walls  to  the  exterior  of  the  building. 

BANQUETTE  WALLS. 

The  general  adoption  of  substantial  banquette  walls 
as  a  means  of  defence  in  this  and  similar  buildings 
in  the  Inyanga  district,  is  somewhat  striking,  espe- 
<-iallj'  as  their  employment  in  old  ruins  in  Southern  Rhodesia, 
Inyanga  excluded,  is  not  very  frequently  met  with.  These 
walls  are  really  part  of  the  main  outer  walls,  and  also  of  some 
of  the  divisional  walls,  but  are  only  carried  up  to  a  height  of 
from  three  to  four  feet  above  the  ground,  thus  forming  an  ele- 
vated terrace  walk,  varying  in  width  from  two  to  five  feet  all 
round  the  inside  of  the  walls,  which  would  enable  the  defenders 
while  occupying  a  protected  position  to  see  over  the  main  wall, 
or  to  throw  spears  and  missiles  on  to  the  enemy  outside  the 
walls. 

The  original  designers  of  the  building  evidently  bore  in 
mind  the  possibility  of  the  outer  and  lower  defended  enclosures 
being  XJaptured  by  an  enemy,  for  they  have  provided  a  further 
line  of  defence  in  a  higher  and  central  enclosure,  IT. 
on  Plan  (see  Plate  XLIV.),  and  this  has  also  banquette, 
loopholes,  and  small  covered  entrances  overlooking  and 
commanding  enclosures  I.,  III.,  V.,  and  VI.,  while 
enclosures  II.  and  III.  have  similar  defences  against  a  possible 
hostile  oceupation  of  enclosure  I.    The  redundancy  and  repeti- 

KK 
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tion  of  such  methods  of  defence,  with  their  remarkable  evidence 
of  caution  and  foresight  in  the  provision  of  successive  lines  of 
defence  demonstrates  a  knowledge  of  military  tactics  on  the 
part  of  the  designers,  which  one  cannot  well  conceive  to  be  of 
purely  native  origin. 

ABSENCE  OF  BUTTHESSES. 

In  these  ruins,  and  in  many  of  their  class  in  this  dis- 
trict, there  is  an  utter  absence  of  buttresses,  either 
angular  or  rounded,  which  form  such  prominent  features 
in  the  ordinary  ruins  of  Matabeleland  and  Mashonaland.  In 
such  latter  ruins  the  original  builders  extensively  employed 
buttresses  for  the  defence  of  entrances  from  attacks  from  the 
exterior,  and  in  order  to  provide  shelter  for  the  defenders.  In 
the  Inyango  forts,  the  lowness,  length  and  narrowness  of  the 
entrance  passages,  together  with  the  vantage  ground  afforded  by 
the  banquette  wall  over  the  interior  of  the  exit,  evidently  were 
the  only  means  employed  to  protect  the  entrance  or  to  make  its 
defences  easy  to  the  occupiers  and  difficult  for  the  attacking 
party  to  force. 

FOUNDATIONS    OF    STONE    HITS. 

The  ruins  contain  the  foundations  and  side  walls  of 
some  score  of  circular  huts.  No  one  who  has  ever  in- 
spected them  and  the  thousands  of  other  huts  in  this 
locality  in  places  where  there  are  no  ruins,  attributes  to  them 
antiquity,  though  admitting  them  to  be  of  an  age  dating  from 
some  generations  past  and  occupied  by  natives  up  to  a  still  more 
recent  date.  This  assertion  as  to  their  comparative  modernity 
is  based  on  many  arguments. 

(1)  The  natives  state  that  they  built  the  huts  when  they 

were  wont  to  take  refuge  with  their  women  and 
cattle  in  these  ruins  during  the  frequent  raids  of  the 
Shangaans,  which  raids  ceased  on  the  arrival  of  the 
white  man. 

(2)  These  structures  are  exactly  similar  in  every  respect 

to  the  stone  huts  of  the  natives  found  in  thousands 
in  this  district,  and  these  found  so  plentifully  in 
Mashonaland  in  kraals  where  there  are  no  ancient 
ruins,  or  built  on  the  upper  levels  of  very  many 
ruins  which  have  been  occupied  up  till  recently  by 
natives. 

(3)  The  appearance  of  these  huts  is  practically  modern, 

and  dissimilar  to  the  building  in  the  main  walls,  and 
in  some  instances  the  hu^s  are  built  of  debris  fallen 
from  the  main  walls,  and  obviously  old  loophole 
and  entrance  roofing  slabs  have  been  moved  and 
employed  in  the  structure  of  the  huts,  while  late 
native  potterj'  is  used  to  wedge  up  blocks  to  a  level. 


(4)  The  only  finds  made  in  these  huts  are  the  commonest 
of  modem  native  articles. 
The  huts  are  of  diameters  varying  from  11  ft.  to  16  ft.  The 
xiatives  say    they  were  once  roofed  with  poles  and  grass,  and 
that  the  huts  were  only  occasionally  occupied. 

LEVELS  OF  FLOOSS  OF  ENCLOSCRES. 

The    ruins    crown    the    top    of    the    ridge    on    the    sum- 
mit    of    the     hill,    enclosure     lY.     being    on     the     highest 
and     most     central     point.       This     is     surrounded     on     all 
sides  by  enclosures,  except  for  some  40  ft.  on  the  west  side, 
where  there  is  a  sharp  declivity.    All  the  enclosures  slope  out- 
wards and  downwards  from  the  central  enclosure  to  the  outer 
main  walls  of  the  ruins.    The  central  enclosure  IV.  thus  over- 
looks and  commands  all  the  other  enclosures.    Its  floor  is  prac- 
tically level,  the  small  natural  plateau  enclosed  being  artifi- 
ciallv  extended  by  filling  in  of  soil  on  the  inside  of  its  rampart 
oralis.    Its  floor  has  an  elevation  above  the  highest  and  nearer 
|>ortions  of  the  floors   of   the  surrounding  enclosures   to   the 
following  extent : — Above  Xo.  1,  4  ft. :  Xo.  3,  5  ft. ;  No.  5, 4  ft. : 
^o.  6,  9  ft. :  and  overlooking  the  unenclosed  space  on  the  west 
«ide,  4  ft. 

The  floors  of  the  enclosures  surrounding  the  central  and 
elevated  enclosure  (IV.)  slope  outwards  from  the  outer  base  of 
^lie  wall  of  this  enclosure  to  the  inner  base  of  their  outer  main 
^^E-alls  are  as  follows : — Xo.  I.  enclosure  slopes  2  ft.  6  in.  in  91  ft. 
^  towards  south-west;  Xo.  III.  slopes  5  ft.  in  65  ft.  towards  east: 
o.  V.  slopes  6  ft.  in  40  ft.  towards  east-north-east ;  and  Xo.  VI. 
lopes  9  ft.  in  81  ft.  towards  east,  while  Xo.  II.,  which  does  not 
djoin  Xo.  rV.,  slopes  2  ft.  in  63  ft.,  from  Xo.  I.  towards  the 
ast-south-east. 

DESCBIFTIOXS    OF    ENCLOSUHES. 

Xo.  /.  This  is  the  most  westerly  enclosure,  and  its  shape 
8  irregular.  The  area  is  116  ft.  from  north  to  south,  and  91  ft. 
rom  east  to  west.  It  is  bounded  on  the  south,  south-east,  and 
orth -north-east  sides  by  enclosures  II.,  III.,  and  IV. 

The  enclosure  has  nine  covered  entrances,  and  another  can 
^fce  traced  in  a  gap  on  the  west  side.  The  entrance  on  the  north- 
^^vest  side  passes  obliquely  through  the  wall. 

The  heights  of  the  walls  from  the  interior  floor  are  as 
follows: — Xorth  side,  8  ft.:  west,  9  ft.:  south  11  ft.;  and  east^ 
5  ft. 

The  banquette  or  terraced  wall  runs  round  the  inside  of  the 
outer  main  wall  as  follows  : — Xorth  side  (part  only),  2  ft.  to  4  ft. 
wide,  4  ft.  high  (very  dilapidated) :  west  side,  2  ft.  to  4  ft.  wide. 
3  ft.  high ;  south-west  side,  none ;  south-east  side,  2  ft.  wide,  2  ft. 
high  (traceable). 

The  loop  holes  intact — south  side,  eight;  west,  four;  north,, 
six:  east,  two;  but  others  are  traceable. 
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In  this  enclosure  are  the  remains  of  ten  stone  circular  huts, 
with  diameters  varying  from  11  ft.  to  18  ft.,  outside  measure- 
ments. 

No.  II. — This  is  the  most  southerly  enclosure.  The  ai-ea  is 
63  ft.  from  north-west  to  south-east,  and  5']  ft.  from  north-west 
to  south-east,  and  53  ft.  from  south-west  to  north-east.  It  is 
bounded  on  the  north-west  by  No.  I.  enclosure,  and  on  the 
north-east  bv  No.  III.  enclosure. 

The  enclosure  has  two  covered  entrances  on  the  north  side, 
and  one  on  the  west  side,  and  more  are  traceable. 

The  heights  of  the  walls  from  the  floor  of  the  interior  are : 
North  and  west,  8  ft. ;  south,  G  ft. ;  and  east,  4  ft. 

The  banquette  wall  runs  round  the  inside  of  the  enclosure 
on  its  north,  west,  and  south  sides.  This  averages  in  height 
3  ft.,  with  an  average  width  of  from  2  ft.  to  3  ft. 

There  are  six  loopholes  on  the  west  side,  none  on  the  east, 
one  on  the  north,  and  two  on  the  south  side. 

Traces  of  one  circular  hut  only  are  to  be  seen  in  this 
enclosure. 

jVo.  III. — This  is  on  the  east  side  of  the  ruins,  and  is 
bounded  on  the  south-west  by  No.  II. ;  north  by  No.  IV. ;  and 
north-east  bv  No.  Y.  enclosure.  Its  area  is  72  ft.  from  north- 
east  to  south-west,  and  66  ft.  from  south-east  to  north-west. 

There  are  three  covered  entrances,  one  on  the  south  ^ide 
and  two  on  the  north-east. 

The  heights  of  the  walls  are :  South-east,  5  ft.  to  7  ft. ; 
north-east,  4  ft.  to  8  ft.,  and  north-west  7  ft. 

A  banquette  wall  is  on  the  south  and  east  sides  only,  these 
averaging  2  ft.  in  width,  and  are  3  ft.  high. 

There  are  seven  loopholes  on  the  south-east  and  north-east 
side,  two  on  the  west,  and  three  on  the  north. 

No  traces  of  stone  huts  are  to  be  found. 

No.  IV. — This  is  the  central  enclosure  before  referred  to  ( see 
Plan  and  Construction  and  Levels  of  Floors,  ante.),  and  it  is 
bounded  by  Nos.  I.  III.,  Y.,  and  YI.,  and  on  the  north  side  by  a 
partially  unenclosed  space  44  ft.  wide.  Its  area  is  63  ft.  from 
north-west  to  south-east,  and  49  ft.  from  north-east  to  south- 
west. 

It  has  two  entrances  on  the  west  side,  and  one  each  on  (he 
north  and  east  sides. 

The  present  much  reduced  heights  of  the  walls  above  the 
filled-in  interior  are  as  follows:  south-west,  4  ft.:  north-east, 
3  ft. :  south-east,  3  ft. ;  north-west  5  ft. 

The  wall  is  of  a  very  massive  character,  being  in  most 
places  10  ft.  wide,  but  in  places  it  reaches  a  width  of  12  ft. 

There  are  remains  of  banquette  wall  from  2  ft.  to  5  ft.  wide 
und  3  ft.  high  round  some  portions  of  the  main  wall,  but  in 
other  parts  it  is  considerably  dilapidated. 

Some  twelve  loopholes  yet  remain  intact,  and  traces  of 
others  exist. 


fiw.  80.  afr.  Assoc,  aov.  sc,  ibo4. 


Plate  XLIV. 


A.  Covered entrd noes  B,  Loopholes 
P/ein  figures  on  exterior,  are  heights  in  feel-  of 
exterior  face  of  wall. 
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Traces  of  one  stone  hut  only  are  seen  in  this  enclosure. 

Xo.  V. — The  area  of  this  enclosure  is  4  ft.  from  north  to 
south,  and  40  ft.  from  east  to  west. 

There  are  three  covered  entrances,  two  being  on  the  north 
side  and  one  on  the  south. 

The  average  heights  of  the  walls  from  the  interior  ground 
are :  West,  7  ft. ;  north,  4  ft. ;  east,  5  ft.  to*7  ft. ;  and  south  7  ft. 

A  banquette  wall  runs  along  the  inside  of  the  east  wall,  and 
is  from  2  ft.  to  3  ft.  wide,  and  3  ft.  high. 

There  are  a  few  loopholes  still  intact  and  traces  of  others. 

The  remains  of  one  stone  hut  only,  with  a  diameter  of  14  ft.» 
is  on  the  north  side  of  the  enclosure. 

Xo,  II. — This  is  the  most  north-easterly  portion  of  the 
ruins.  Its  area  is  67  ft.  from  north-west  to  south-east,  and  81  ft, 
from  north-east  to  west-south-west. 

There  are  two  covered  entrances  on  its  north  side,  and  its 
outer  wall  contains  no  less  than  thirty  loopholes. 

The  remains  of  some  seven  stone  huts  are  within  this 
enclosure,  and  these  have  diameters  varying  from  11  ft.  to  14  ft. 


INAUGURAL  ADDRESS  DELIVERED  AT  THE  FIRST 
CONFERENCE  OF  SOUTH  AFRICAN  LIBRARIANS. 

By  Mr.  Justice  Laurence. 

^^  Our  pursuit  of  art  is  without  extravagance,  neither  does 
our  love  of  literature  make  us  effeminate.'' — Thuc.  II.,  40. 

Less  than  a  month  ago  I  was  honoured  by  an  invitation 
to  preside  at  this  Conference,  or,  if  that  was  impracticable, 
to  prepare  an  address  to  be  delivered  at  its  opening.  To  that 
invitation  I  replied  that  my  duties,  as  vacation  Judge  at  Kim- 
berley,  would  debar  me  from  attending,  and  that  I  feared  the 
time  was  too  short,  and  my  leisure  too  scanty,  to  enable  me  to 
prepare  anything  in  the  nature  of  an  address  likely  to  prove 
either  useful  to  the  Conference  or  satisfactorv  to  mvself.  How- 
ever,  on  a  reiterated  request  to  do  what  I  could,  I  have  endea- 
voured to  put  together  a  few  observations,  and  for  their  inade- 
quacy and  crudeness,  of  which  I  am  fully  conscious,  I  trust 
that  the  circumstances  I  have  mentioned  may  to  some  extent 
be  accepted  as  an  excuse.  I  conceive  that  all  interested  in  the 
subject  of  Public  Libraries  in  South  Africa  must  feel  indebted 
to  the  Association  for  the  opportunity  afforded  by  this  Confer- 
ence of  exchanging  ideas,  eliciting  experience,  and  discussing 
some  of  the  multifarious  problems  connected  with  the  working, 
management,  and  development  of  the  system  of  Public  Libra- 
ries in  this  part  of  the  world.  A  Scientific  Association  in  its 
early  days — as  is  shown  for  instance  by  the  history-  of  the 
Hoyal  Society — can  afford  to  be  comprehensive  in  its  ambit ; 
as  it  matures,  the  success  of  its  operations  tends  to  specialise 
their  nature  and  restrict  its  sphere.  Possibly  this  section  may 
not  retain  a  permanent  position  in  a  scientific  programme ;  if 
not,  it  may  be  hoped  that,  ere  that  dav  arrives,  those  interested 
in  the  subject  may  be  able  to  maintain  an  association  of  their 
own. 

LIBRARY    ASSOCIATIONS. 

A  good  many  years  ago,  as  chairman  of  the  Kimberley 
Library,  I  made  some  suggestions  on  the  subject,  and  we  de- 
cided to  invite  the  co-operation  of  the  South  African  Library 
at  Cape  Town;  but  the  project  at  that  time  appeared  to  be  pre- 
mature, and  I  am  not  certain  even  now  that  we  can  expect 
its  complete  realisation  in  the  immediate  future.  Library 
Associations  have  long  existed  both  in  England  and  the  United 
States,  and  a  similar  society  has  recently  been  established — I 
know  not  with  what  measure    of    success — in    the    Australian 
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Colonies.     Here  in  South  Africa,  while,  under  the  sj'stem  of 
local  subscriptions,  supplemented  by  Parliamentary  grants,  a 
good  many  small  libraries  have  been  established,  and  have  exer- 
cised a  beneficial  influence  within  their  sphere  of  operations, 
the  number  of  institutions  of  a  higher  class,  with  anything 
like  an  adequate  equipment,  is  extremely  small,  and  the  num- 
ber of  trained  librarians  is  still  smaller.     There  are  not  many 
other  persons,  bibliophiles  or  men  of  leisure  with  literary  tastes, 
taking  an  active  part  in  the   administration   of   our  libraries, 
'who  would  be  both  able  and  willing  to  become  working  mem- 
bers of  such  a  society  and  to  attend  those  periodical  conferences 
^which  are  usually  regarded  as  among  its  most  useful  and  dis- 
i:inctive  features.     The  great  distances  which  in  this  country 
separate  the  principal  centres  of  population  form  one  of  the 
:xnost  formidable  barriers  to  such  intercourse.     It  maj',  how- 
-^ver,  be  suggested  that  something  more  might  be  attempted 
^han  has  yet  been  done,  with  a  view  to  bringing  the  various 
libraries  and  their  representatives  into  closer  contact  with  one 
^^nother,  to  facilitate  co-operation  and  diminish  that  feeling  of 
isolation  which  under  present  conditions  must  often  prove  dis- 
-couraging. 

A    LIBRARY    JOURNAL. 

One  of  the  principal  objects  of  such  an  association  as  I 
have  mentioned  would,  I  apprehend,  be  the  establishment  and 
maintenance  of  something  in  the  nature  of  a  library  journal; 
and,  while  opportunities  for  personal  conference  must  remain 
exceptional,  much,  I  conceive,  might  be  efEected  by  the  exist- 
ence of  such  a  vehicle  of  communication.     The  obstacles  to 
such  a  step  are  no  doubt  considerable.     That  of  ways  and  means 
is  not,  perhaps,  the  most  serious.     Such  a  journal,  if  published, 
say,  at  quarterly  intervals,  at  a  moderate  price,  and  capably 
edited,  would  probably  be    subscribed    for    by    almost    every 
library  in  the  country  deserving  of  the  name;  it  would  afford 
B  useful  channel  of  publicity  for  advertisements  of  a  certain 
type;  and  probably  the  committees  of  the  principal  libraries 
might  be  willing,  as  an  experiment,  to  contribute  a  modest  sub- 
sidy towards  the  expenses  of  its  production.     The  difficulties 
T)f  management  and  editing  might  prove  more  formidable.     It 
^ould  have  to  be  issued  from  some  permanent  centre,  with  a 
local  secretary,  and  possibly  the  burden  of  editorial  supervision 
might  be  accepted  in  rotation — say  for  six  months  or  a  year — 
l>y  some  of  the  leading  librarians,  who  would  doubtless  take  a 
practical  interest  in  such  a  project.     Perhaps  in  the  present 
paper  it  may  not  be  wholly  futile  to  make  some  attempt  to 
indicate,  without  indulging  in  rhetoric  or  venturing  on  dogma, 
some  few  of  the  many  topics  for  the  discussion  of  which  such  a 
publication  might  afford  an  appropriate  channel. 
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our  library  system. 

In  the  first  place,  with  regard  to  the  basis  of  the  whole 
structure,  it  may  be  suggested  that  our  present  system  of  sub- 
scription libraries,  though  it  has  produced  many  useful  results,, 
is  by  no  means  an  ideal  one.     It  should  be  regarded  rather  as 
a  wayside  shelter  than  as  a  permanent  abode.     Under  our  pre- 
sent methods  too  much  weight  is  almost  inevitablj-  given  to  the 
average  opinion,  and  taste  in  current  literature,  of  the  average 
subscriber;   too  large   a  proporticm   of  the  available   funds   is- 
frequently  employed  in  the  purchase  of  books  of  at  best  ephe- 
meral interest  and  small  literary  merit;    too    little    care    and 
attention  is  devoted  to  the  acquisition  and  building  up  of  a 
comprehensive  library  of  reference.     Above  all,  so  long  as  this, 
system  prevails,  it  is  a  misnomer  to  describe  as  "  free,"  libraries- 
which  limit  their  circulation  to  those  able  and  willing  to  pay  for 
the  privilege  of  borrowing  books.     I  cannot  help  thinking  that 
the  question  is  well  worthy  of  the  consideration  of  municipal 
corporations;  whether  the  time  has  not  arrived  at  which  such 
bodies  might,  under  statutory  powers  which  in  some  cases  aK 
ready  exist,  and  in  all  cases  might  probably  be  obtained,  pro- 
perly apply  some  portion  of  their  revenue,  either  by  means  of  a 
special  rate  or  by  an  appropriation  from  their  general  funds, 
to  such  educational  purposes  as  the  subsidising,  on  a  substantial 
scale,  of  public  schools  and  public  libraries  within  their  boun- 
daries.      From  such  libraries  every  ratepayer — possibly  every 
resident   recommended   by   a   ratepaj'er — would     be     entitled, 
under  reasonable  restrictions,  to  borrow  books,  and  it  woulcT 
still  be  feasible  to  augment  our  resources  by  means  of  subscrip- 
tions,  giving   the    subscribers    additional   facilities,   and    con- 
veniences  of   various   kinds,    such    as    they   enjoy    under     the 
present  system. 

COMMITTEES  AXD  LIBRARIANS. 

Such  municipal  support  would  imply  a  large  measure  of 
municipal  control,  and,  as  in  England,  the  libraries  might  be 
managed  by  committees  appointed  by  the  borough  councils, 
with  a  wide  power  of  nomination  outside  their  own  body. 
Such  committees,  in  my  opinion,  for  effective  work,  should 
not  be  too  large.  Lord  Palmerston  used  to  say  that  the  best 
number  for  a  committee  was  three,  and  that  the  best  result* 
were  attained  when  two  of  the  three  failed  to  attend.  I  will 
only  submit  that  while  the  task  of  managing  a  public  library 
affords  infinite  scope  for  criticism,  usually  most  blatant  when 
least  informed,  the  best  chance  of  success  consists  in  selecting 
for  such  work  those  most  competent  to  perform  it,  and  in 
giving  them,  when  appointed,  a  tolerably  free  hand.  What 
I  have  said  with  regard  to  committees  also  applies  to  a  great 
extent  to  librarians.       The  old  idea  that  such  a  position  shouhl 
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be  regarded  as  furnishing  a  suitable  provision  for  some  amiable 
individual  with  a  taste  for  books,  and  a  pronounced  incapacity 
to  earn  his  living  in  any  other  calling,  may  perhaps  by  now 
be  regarded,  even  in  this  easy-going  country,  as  at  all  events 
obsolescent.  What  we  want  in  our  librarians  is  a  combination 
of  wide  literary  knowledge,  with  practical  training,  businesslike 
habits,  and  a  good  deal  of  what  has  been  described  as  flexi- 
bility of  adaptation.  "  The  librarian  who  reads  is  lost/'  is 
an  often-quoted  saj'ing,  which  I  fancy  may  be  ascribed  to  one 
of  the  most  learned  academical  students  of  the  last  century,  Mr. 
Mark  Pattison.  It  may  be  pointed  out  that  the  aphorism 
is  ambiguous;  it  may  not  only  imply,  as  it  is  commonly  under- 
stood, that  such  an  one  is  unfitted  by  his  temperament  for  hi* 
avocation;  it  may  also  mean  that  the  race  of  learned  librarians 
— such  persons  for  instance,  as  the  late  Mr.  Bradshaw — is 
practicallj'  extinct  and  has  been  superseded  by  another  type. 
I  do  not  suggest  that  a  librarian  should  be  a  sciolist,  or  that, 
as  Macaulay  declared  of  Brougham,  he  should  "  half  know 
everj-thing,  from  the  cedar  to  the  hyssop  " ;  but  it  is  perhaps 
desirable  that  he  should  neither,  on  the  one  hand,  be  too  much 
of  a  specialist,  nor,  on  the  other,  be  wholly  absorbed  in  the  ser- 
vice of  tables  and  matters  of  practical  detail,  such  as  types, 
of  indicators  or  improvements  in  the  changing  system.  "  I 
can't  get  my  librarian,''  the  chairman  of  an  important  institu- 
tion once  remarked,  "  to  take  any  interest  in  *  incunabula ' ; 
his  mind  is  engrossed  by  the  question  of  umbrella  stands."  We 
must  seek  to  strike  the  happy  mean ;  all  that  can  be  suggested 
is  that  we  must  not  demand  too  much,  that  librarians,  like 
other  folk,  must  be  qualified  to  possess  **  the  defects  of  their 
qualities,"  but  that  the  successful  progress  of  a  library  depends 
so  much  on  its  permanent  staff  that  no  effort  should  be  spared 
to  secure  the  services  of  thoroughly  competent  officials,  who 
should  be  provided,  having  regard  to  local  circumstances,  in 
view  of  the  position  they  occupy,  and  the  responsible  functions 
they  are  expected  to  discharge,  with  reasonable  remuneration 
for  their  services.  At  the  same  time,  while  giving  due  recog- 
niticm  to  the  maxim  that  the  labourer  is  worthy  of  his  hire,, 
we  have  to  be  constantly  on  our  guard  against  any  tendency 
to  extravagance  in  our  establishment  charges,  as  well  as  in 
other  departments  of  expenditure.  Economy,  I  am  well  aware,, 
in  all  the  phases  of  public  and  private  life,  has  long  been 
sadly  out  of  fashion;  and  we  are  beginning  to  appreciate  some 
of  the  consequences  of  the  mania  for  borrowing,  and  the 
general  neglect,  during  the  latter  half  of  the  last  century,  by 
Governments,  by  public  bodies,  corporations,  and  institutions, 
as  well  as  bj'  private  individuals  of  Cicero's  excellent  maxim, 
"magnum  vectigal  est  parcimonia  " — (thrift  is  a  great  source 
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of  income).  The  practice  and  advocacy  of  thrift  is  seldom 
popular;  I  can  only  urge  that  the  matter  is  one  requiring  con- 
stant vigilance,  and  a  good  deal  of  moral  courage.  As  it  has 
been  shrewdly  affirmed  that  sound  policy  lies  at  the  root  of 
sound  finance,  so,  without  sound  finance,  and  at  least 
as  careful  supervision  and  discrimination  in  the  ex- 
penditure of  public  funds  as  a  prudent  person  would 
exercise  with  regard  to  his  own  income,  depend  upon 
it  there  can  be  no  sound  administration  or  satisfactory  result. 
*'  We  cultivate  the  liberal  arts  without  extravagance,"  was  the 
boast  of  Pericles  in  his  analysis  of  the  character  of  Athenians 
of  his  age;  and  when  we  remember  that  the  age  of  Pericles 
was  also  the  age  of  Pheidias,  and  the  age  of  Sophocles,  we  may 
well  be  content  to  take  their  conduct  in  this  respect  as  an 
example  to  emulate,  and  an  ideal  to  pursue.  Assuming  then 
that  our  libraries  are  established  on  a  sound  basis,  well  officered 
and  prudently  administered,  what  are  some  of  the  salient 
problems  to  which  our  attention  should  be  directed,  and  which, 
with  special  regard  to  South  African  circumstances,  conditions, 
and  requirements,  may  afford  appropriate  topics  for  ventilation 
in  our  future  literary  journal?  I  need  scarcely  repeat  that  I 
attempt  no  exhaustive  category. 

THE   CHOICE  OF   BOOKS. 

I  will  only  mention,  by  way  of  illustration,  four  of  the 
most  important  subjects,  namely:  (1)  The  choice  of  books;  (2) 
binding;  (3)  classification;  and  (4)  cataloguing.  As  to  the 
choice  of  books,  I  do  not  approach  the  topic  from  the  point  of 
view  of  Mr.  Frederic  Harrison's  essay,  although  his  excellent 
advice  to  the  individual  reader  (which  may  perhaps  be  summed 
up  in  the  two  words,  *'  optimum  elige  "),  should  of  course  sedu- 
lously be  borne  in  mind  in  the  selection  of  works  for  a  public 
library.  Presuming,  however,  that  you  possess  a  good  collec- 
tion of  what  are  conventionally  described  as  the  standard 
authors,  both  ancient  and  modern,  British  and  foreign,  in 
good,  workmanlike  editions  (supplemented,  in  the  case  of  the 
classics  and  foreign  literature,  by  some  judiciously  selected 
translations),  the  question  of  the  upkeep  of  your  library 
presents  innumerable  problems  of  the  greatest  variety  and 
interest.  Such  upkeep,  if  due  discrimination  be  exercised, 
need  not  be  too  expensive.  It  has  been  asserted  that  a  good 
general  library  can  be  maintained,  and  everything  of  real 
importance  in  current  literature  secured,  at  a  cost  of  from 
£.300  to  £400  a  year.  I  can  cmly  say  that  the  more  individual 
knowledge,  care,  and  judgment  brought  to  bear  on  the  subject, 
the  better  the  result  will  prove.  According  to  my  experience, 
a  large  proportion  of  the  books  required  by  a  public  library 
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can  be  best  obtained  by  direct  orders  to  some  leading  book- 
seller at  Home,  who  makes  a  speciality  of  such  work;  on  the 
other  hand,  it  is  scarcely  satisfactory-,  except  to  a  verj-  limited 
extent,  to  leave  the  selection  of  books  to  the  agent  by  whom 
they  are  supplied.       We  should  always  bear  in  mind  that,  of 
the  annual  output  of  books  in  all  departments,  probably  not 
6  per  cent,  will  live  for  five  years;  and  we  should  endeavour, 
not  to  charge  either  our  revenue  or  our  shelf  accommodation, 
ivith  a  heavier  burden  of  ephemeral  matter  than  we  can  pos- 
sibly avoid.       Moreover,  by  no  means  all  books,  which  may 
be  worth  acquiring,  are  worth  buying  at  the  high  prices  which 
it   is  still  the  fashion  of  the  English  trade  in  many  cases — 
«nd  particularly  in  the  case  of  works  of  biography  and  travels 
— to  charge  on  first  publication.       Such  books  can  often  be 
secured,  by  exercising  a  little  patience,  at  a  relatively  low  cost, 
4»ither  as  second-hand  copies,  or  as  remainders,  or  in  clieaper, 
but    equally    serviceable — sometimes,    indeed,    improved    and 
revised  editions.       Many  good  bargains  may  also  be  obtained 
from  the  dealers'  lists,  and,  though  their  perusal  takes  time,  it 
is  often  well  repaid,  and,  by  practice,  one  can  acquire  the  art 
of  getting  at  the  kernel  without  too  much  fumbling  with  the 
husk.     It  may  also  be  a  useful  habit  to  keep  a  rough  book  in 
which  to    jot    down    notes    of    ''desiderata"    and    **lacunae," 
and  occasionally  to  send  a  list  of  such  titles  to  some  intelligent 
dealer,  with  a  commissicm  to  supply  as  opportunity  may  serve. 
A  useful  test  of  the  success  which  attends  our  efforts  in  this 
department  may  be  made  by  working  out,  from  time  to  time, 
the  average  cost  of  our  accessions,  as  compared  with  the  pub- 
lished price. 

THE    REFERENCE    LIBRARY. 

Another  important  matter  is  to  determine  approximately 
what  proportion  of  outlay  we  are  in  a  position  to  devote  to  our 
reference  library,  which  of  our  accessions  we  should  include 
in  that  branch,  and  under  what  conditions,  if  at  all,  we  should 
allow  such  works  to  be  taken  out.  It  may  perhaps  be 
suggested  that  the  reference  library  should  itself  he  divided 
into  two  main  classes  or  categories,  one  of  which,  embracing 
works  of  reference  in  the  stricter  sense,  such  as  dictionaries 
and  encyclopaedias,  and  works  of  special  value  or  rarity,  should 
never  be  allowed  to  leave  the  library  premises,  while  4)tlieis 
might  be  borrowed  for  limited  periods,  and  under  special 
restrictions  and  safeguards.  I  should  like  also  to  suggest 
that,  among  works  of  reference,  much  attention  should  be 
directed  to  the  subject  of  bibliographies,  both  general  and 
special,  so  that  the  student  may  be  enabled  to  ascertain  not 
only  what  the  library  actually  possesses,  but  what   it  may  be 
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expected  to  acquire,  and  what  are  the  chief  extant  works  deal- 
ing with  the  subject  of  his  research.       As  to  the  i-eference 
library  as  a  whole,  it  may  perhaps  be  suggested  that,  of  the 
funds  available  for  the  purchase  of  books,  we  ought  to  expend 
something  like  30  per  cent,  on  this  department,  which  would 
probably  represent  something  like  20  per  cent,  of  the  volumes 
purchased.      Thus,  if  we  spend  £500  a  year  on  acquiiing  2,000 
volumes,  out  of  this  sum  about  £150  would  be  devoted  to  the 
acquisition  of  about  400  volumes  for  this  most  important  sec- 
tion.      I  may  perhaps  venture  to  add  a  general  hint  that  in 
the  choice  of  books  we  should  ever  bear  in  mind  the  character 
of  our  librarj',  the  local  circumstances    and    conditions,    and 
remember  that  a  library,  to  be  worthy  of  the  name,  must  not  be 
regarded  as  a  mere  collection  or  aggregation  of  so  many  thou- 
sand  volumes,   but  as   a   living   and   growing  organism,   well 
proportioned  in  all  its  members,  and  with  a  healthy  develop- 
ment in  accordance  with  the  functions  they  are  expected  to  dis- 
charge.      To  assure    such    development,   we    should    strive    to- 
enlist  the  co-operation  of  specialists  in  the  various  branches  of 
our  work,  and,  above  all,  to  keep  our  minds,  so  to  speak,  steeped 
in  a  literary  atmosphere,  impregnated  with  all  the  phases  of 
thought,  and  always  on  the  alert  to  glean  information,  from 
every  accessible  source,  which  may  aid  us  in  the  accomplish- 
ment of  our  important  task.      A  good  deal  of  help  may  often  b«^ 
obtained    in    the    course    of    c(mversaticm    with    well-informed 
people  on  current  topics,  ^r  from  casual  and  incidental  refer- 
ences in  books  or  reviews,  both  English  and  foreign.       I  may 
perliaps  venture  to  illustrate  what  I  mean  by  mentioning  that,, 
not  long  ago,  from  the  perusal  of  a   novel  by  the  late    Mr. 
Gissing,    called,    I    think,    'M)ur    Friend    the    Charlatan,''    I 
picked  up  a  hint  as  to  the  subject  and  title  of  a  French  work— 
Izoulet's  "  Cite  Moderne  *'■ — which  proved  a  valuable  accession 
to  our  library  of  political  philosophy.    A  practice  which  I  have- 
myself    found    extremely    useful    is    always    to   keep    in    one's 
pocket  a  little  note-book,  in  which  to  jot  do\^Ti  the  titles  and 
other  particulars  of  works,  the  claim  of  which  to  be  included 
in  a  future  book  order  something  read  or  heard  may  suggest 
to  be  worthy  of  subsequent  consideration. 

THE  QUESTION  OF  BINDING. 

With  regard  to  the  question  of  binding,  I  have  merely 
to  observe  that  this  also  is  a  subject  on  which  the  exchange^ 
of  experience  may  prove  highly  advantageous,  and  to  the  dis- 
cussion of  which  some  space  might  well  be  devoted  in  our 
library  journal.  I  had  an  interesting  conversation  on  this, 
(luestion  last  year  with  Sir  Edward  Thompscm,  from  whom  I 
learnt  that  a  committee  of  experts  had  recently  been  investi- 
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gating  the  matter  at  the  British  Museum,  and  had  come  to  the 
conclusion  that  most  of  the  materials  used  by  the  trade — 
Trhether  described  as  calf,  russia,  or  morocco — were  so  much 
adulterated  by  the  use  of  various  dyes  and  pigments  that  their 
durability  was  gravely  impaired,  and  that  radical  changes  in 
method  were  regarded  as  essential.  I  may  also  point  out  that 
the  efficacy  of  binding  is  largely  affected  by  climatic  conditions, 
and  that  materials  which  may  serve  their  purpose  well  enough 
in  an  English  climate,  or  in  that  of  our  coast  ports,  may  prove 
unsuitable  to  the  drier  atmosphere  of  Johannesburg  or  Kim- 
berley,  and  vice  versa.  At  all  events  until  more  informaticm 
on  this  subject  is  available,  my  impression  is  that  we  should 
avoid  the  expense  and  delay  entailed  by  re-binding  as  much 
as  possible.  Works  of  fiction  will  usually  survive,  for  the 
brief  life  which  is  their  portion,  in  their  original  boards,  in 
which  they  can  be  supplied  more  rapidly,  and,  when  necessary, 
a  larger  number  of  copies  obtained  than  if  time  and  money 
have  to  be  expended  on  binding.  Of  other  works,  the  circula- 
tion is  seldom  so  extensive  that  the  covers  become  worn  out 
while  they  are  still  in  demand ;  and  by  providing  in  our  library 
a  small  workshop,  with  a  few  tools,  for  simple  repairs,  and  re- 
placing or  re-binding  individual  works  where  necessary,  a  sub- 
stantial saving  in  expenditure  can  probably  on  balance  bo 
effected.  The  covers  supplied  by  the  publishers  are  often 
disgracefully  flimsy ;  so,  for  that  matter,  is  the  fastening  of  the 
sheets  and  the  quality  of  the  paper  itself.  All  of  these 
things  may  be  included  in  the  class  of  "  perishables " ;  fortu- 
nately in  many  cases  thej^  deserve  no  better  destiny;  and  their 
transitory  life  may  afford  an  element  of  consolation  to  those 
who  regard  as  one  of  the  most  serious  dangers  and  perils  by 
which  our  libraries  are  beset,  the  difficulty  and  expense-even 
if  we  utilise  all  the  improvements  of  modern  construction  and 
appliances — of  accommodating,  or  even  warehousing,  enormous 
modern  accumulation  of  printed  matter.  Here,  of  course, 
Ihere  arises  the  thorny  question  of  the  elimination  of  the 
superfluous  and  the  obsolete,  as  to  which  I  will  only  say  that 
it  is  an  inviting  topic,  which  might  also  furnish  scope  for  an 
entire  address,  and  to  which  considerations  of  time  and  space 
on  the  present  occasion  preclude  more  than  a  bare  allusion. 

classification. 

With  regard  to  the  classification  of  books,  the  question 
presents  itself  under  two  aspects — firstly,  that  of  classification 
for  cataloguing  and  bibliographical  purposes;  and,  secondly, 
that  of  arrangement  on  the  shelves.  As  to  the  former,  I  am 
inclined  to  think  that  the  classification  should  not  be  too 
minute.    At  Kimberley  we  arrange  our  books  in  sixteen  classes. 
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whicli  on  tlie  whole  has  proved  sufficient  for  practical  purposes. 
You  will  always,  in  some  form  or  other,  require  a  "  miscel- 
laneous "  class ;  but  it  is  perhaps  one  of  the  best  tests  of  good 
cataloguing  if  you  succeed  in  keeping  down  that  class  to  the 
most  modest  dimensions.  The  classes,  of  course,  admit  of 
much  subdivision;  for  instance,  in  our  library  a  book  maj^  be 
marked  "  R.L.G.N.,"  which  would  mean  that  it  belongs  to  the 
reference  class  (R),  that  it  is  written  in  the  French  language 
(L),  that  its  subject  is  scientific  (G),  and  that  the  topics  treated 
— probably  gold  or  diamond  mining — are  mainly  or  largely 
South  African  (N).  With  regard  to  distribution  of  the  shelves, 
our  system  has  been  to  arrange  the  books  in  each  class,  both  in 
the  reference  and  the  circulating  library,  as  far  as  practicable 
in  alphabetical  order.  This  facilitates  inspection  and  exam- 
ination by  readers,  but  involves  some  waste  of  space  when 
books  in  the  same  class  vary  substantially  in  size.  The  ten- 
dency at  the  present  day  among  librarians  is,  I  understand,  to 
favour  the  "  Dewey,''  or  decimal,  or  some  other  system  of 
minute  classification,  the  advantages  of  which  must,  I  conceive, 
to  some  extent  be  counterbalanced  by  the  highly  diversified  and 
miscellaneous  character  of  the  contents  of  many  works,  and 
the  constant  tendency"  to  overlap  from  one  subject  to  another. 
It  is,  moreover,  I  think,  a  useful  practice  to  endeavour,  as  far 
as  possible,  to  keep  the  works  of  the  same  author  together,  and 
occasionally  to  stretch  a  point  in  classification  with  that  object 
in  view. 

OPEX    ACCESS. 

I  have  not  time  for  more  than  a  passing  reference  to  the 
question,  so  hotly  debated,  of  "open  access''  to  the  shelves.  I 
can  only  say  that  the  experience  of  all  libraries,  from  the 
British  Museum  downwards,  has  proved  the  advantage  of  this 
system,  so  far  at  all  events,  as  certain  sections  are  concerned, 
and  that  the  further  it  can  be  extended,  without  undue  risk  of 
confusion  or  loss,  or  serious  addition  to  the  cost  of  supervision, 
and  the  more  such  facilities  can  be  afforded  the  more  useful 
and  popular  our  libraries  are  likely  to  prove. 

CATALOGUING. 

I  come  lastly  to  the  great  subject  of  cataloguing,  as  to 
which,  on  the  present  occasion,  I  can  only  add  a  very  few 
words.  The  topic  is  one  of  which  I  am  in  a  position  to  speak 
from  practical  experience.  I  myself  devoted  much  of  my 
leisure  for  some  seven  years  to  compiling  a  library  catalogue 
and  seeing  it  through  the  press,  and  for  ten  years  more  to 
making  preparations  and  arranging  materials  for  another 
edition,  the  completion  of  which  I  fear  that,  with  impaired 
eyesight  and  diminished  energy,  I  must  now  resign  to  other 
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kAmis.       Tke  work  is  oae  whiolL  involves  iniLiiite  labour  and 
minate  examtnatioa  and  eoniparL:«on  with,  a  view  to  tke  main- 
tenancc  of  anifomiity  of  method  and  arrangement,  especially 
so  far  as  ike  sabject  index  is  concerned:  while  the  utmost  we 
can  hope  for  is  that   the   ultimate   percentage  of  substantial 
errors,  omiwions.  and  inaccuracies*  may  not  prove  unduly  high. 
The  obvious  objection  to  a  printed  catalogue  is  that,  while  its 
pmdaetioiL  implies  enormous  toil,  it  tends  to  become  obsolete. 
even  before  it  receives  its  '"imprimatur."       The  advantage  of 
possessing  such  an  epitome  of  the  contents  of  our  library  at 
a  given  date  is,  however,  unquestionable;  whether  it  is  quite 
worth   all  the  expense   an<l  effort    involved   to   S4>me   measure 
depentls  on  the  extent  to  which  the  library  is  useil  by  persons 
residing  at  some  distance  from  the  building.       For  libraries 
^"here  the  readers,  with  few  exceptions,  live  in  the  immediate 
vicinity,  a  good  system  of  card  catalogues  «both  of  authors  and 
subjects*  will  serve  most  of  our  neeils;  and  too  much  stress 
c-an  hardly  be  laid  up^^n  the  importance  of  all  books  being  care- 
tolly  catalogued,  classed,  and.  when  necessary,  analysed,   for 
^his   and  analogous   purposes,   as   sotin   as   they   are   received. 
^^uch  advantage   may  also  be  derived   from  the   preparation. 
»m  lime  to  time,  of  class  lists  and  special  bibliographies, 
from   the   occasional   collocation    and   exhibition    in    the 
library  of  such  sections  of  its  contents  as  relate  to  topics  of 
^^nrrent  interest,  or  subjects  likely,  for  one  reason  or  another, 
^o  prove  attractive  to  various  classes  of  readers  or  students. 

A  SOrTH  AFRH  AN   CATALOCrE. 

There  is  one  further  suggestion,  in  connection  with  this 
subject,  which  perhaps  I  may  venture  to  make.  Has  not  the 
time  arrived  for  a  well-considered  effort  to  produce  as  nearly 
as  may  be,  an  exhaustive  catalogue  of  works  relating  to  South 
Africa?  An  attempt  in  this  direction  was  made  some  twenty 
years  ago,  by  the  late  ilr.  Fairbridge  and  Mr.  Noble— both 
names  of  which  the  memory  deserves  to  be  cherishel  in  this 
ciiuntry  by  everj-  lover  of  letters — in  connection  with  the 
Colonial  E^ibition  of  lS8o;  but  it  was  ver>-  imperfect,  and,  in 
fact,  practically  confined  to  works  contained  either  in  the 
South  African  Library,  or  in  the  private  collection  of  Mr. 
Fairbridge.  Possibly,  by  way  of  a  beginning,  an  effort  might 
be  made  to  prepare  a  catalogue  of  all  works  published  during 
the  first  two  centuries,  namely,  from  Van  Riebeek's  settle- 
ment to  the  year  185?,  leaving  the  last  half-century  for  a  sub 
sequent  compilation.  A  list  might  be  prepared  and  tj-ped, 
taking  that  of  Fairbridge  and  Xoble  as  a  basis,  of  the  works 
contained  in  the  South  African  Library  and  other  collections 
at  Cape  Town.       This  might  be  circulated  among  the  larger 


536  Kepout— 1904. 

aud  older  libraries  throughout  South  Africa,  and  inquiries 
made  from  others,  and  also  from  certain  of  the  dealers,  as  to 
whether  they  possessed  any  books  falling  within  that  period, 
and  thus,  after  consulting  all  accessible  sources,  something 
might  be  produced  which  would  form  a  valuable  contribution 
to  Colonial  bibliography.  Such  a  catalogue  should,  I  appre- 
hend, contain  information,  which  could  be  expressed  by  a  few 
symbols  and  occasi(mal  footnotes,  indicating  where  the  books 
<lescribed  could  be  seen,  and  every  care  should  be  taken  that 
the  descriptions  should,  as  far  as  possible,  be  uniform  in  their 
<haracter  and  in  the  particulars  supplied.  I  would  ask  this 
Conference,  before  it  disperses,  to  discuss  the  advisability  of 
appointing  committees  to  consider  the  feasibility  of  the  two 
specific  suggestions  I  have  propounded,  namely:  (1)  The  estab- 
lishment of  a  South  African  library  journal;  and  (2)  the  com- 
pilation of  a  catalogue  of  all  works  published  in,  or  relating 
to.  South  Africa,  and  issued  prior  to  some  definite  date. 

THE    LIBRARY    MOVEMENT  I     ITS    AIMS    AND    OBJECTS. 

My  address  has  extended  beyond  the  limits  which  I  had 
<-ontemplated,  and,  I  fear,  beyond  what  it  was  quite  fair  to 
inflict  on  your  patience.       I  can  only  plead,  as  Pascal  said,  in 
terminating  one  of  his  Provincial  Letters,  that,  had  I  had  more 
time,  I  might  have  been  able  to  make  it  shorter.       May  I  say, 
in  conclusicm,  that,  although  the  library  movement,  like  other 
movements,  may  be  made  the  subject  of  extravagant  eulogy, 
of  ill-regulated  enthusiasm,  and  of  a  zeal  not  always  in  accord- 
ance with  knowledge,  these  are  not  the  dangers  and  the  risks 
to  which  in  this  country,  and  at  the  present  day,  we  are  most 
liable  or  pnme.       "We  have  rather  to  contend  with  apathy  and 
indifference,  with  an  environment  too  much  absorbed  in    the 
struggle   for   material   well-being,   and   too   much    inclined    to 
put  off  to  a  more  convenient  season  the  pursuit  of  the  intellec- 
tual life.       "We  may,  however,  feel  assured  that  any  time  and 
labour  we  may  devote  to  the  work  of  improving  our  libraries 
and  making  them  more  and  more  centres  of  enlightenment,  as 
well  as  means  of  culture  and  sources  of  mental  recreation,  will 
not  be  thrown  away.       "With  regard  to  book-lore,  experience 
here,  as  elsewhere,  shows  that  the  sxipply  always  stimxilates  the 
demand;  and  there  is  no  department  of  literature  or  science, 
however    technical    or    esoteric — palseology,    for    instance,    or 
palaeontology — in   which,   if    you   supply  the  "pabulum,"  and 
make  provision  for  the  needs  of  the  student,  the  student  will 
not  by  and  by  arrive.       This  is  a  country  in  which  there  is 
plenty  of  excellent  raw  material.      The  youth  of  South  Africa 
have  already  in  many  instances  acquired  high  distinction   in 
scmie  of  the  learned  professions,  and  are  likely  in  the  future  in 
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increasing  numbers  to  take  advantage  of  the  opportunities  for 
training  now  afforded  in  the  applied  sciences — in  such 
branches,  for  instance,  as  civil,  mechanical,  and  mining  engin- 
eering. For  all  such  wants  and  faculties  and  aptitudes  our 
libraries  should  cater;  they  should  become  emporia  of  easily 
accessible  informaticm;  they  should  enable  every  man  and 
every  woman,  in  their  hours  of  leisure,  to  continue  the  educa- 
tion of  which  they  acquired  the  rudiments  in  their  youth;  they 
should  help  to  keep  us,  not  only  in  touch  with  all  the  intellec- 
tual activities  of  the  infant  century  in  which  we  live,  but 
also  in  spiritual  communion  with  the  great  masters  and 
thinkers  of  the  past ;  and  even  amid  the  prosaic  environment 
and  work-a-day  surroundings  of  our  public  libraries  we  should 
endeavour  to  cultivate  something  of  the  atmosphere  of  that 
Temple  of  Peace  in  which  the  illustrious  statesman,  whose  life 
we  have  of  late  been  reading,  was  wont  to  seek  refreshment  and 
repose,  amid  all  his  cares  and  toils  and  responsibilities,  ever 
remembering,  as  he  did,  that,  while  the  things  which  are  seen 
are  temporal,  the  things  which  are  not  seen  are  eternal. 
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REPORT   OF    THE    SECOND    ANNUAL    MEETING    OF    THE    ASSOCIATION » 

JOHANNESBURG,    1904. 

The  second  annual  meeting  of  the  Association  was  held  at 
Johannesburg,  April  4th-9th,  when  the  following  programme 
was  carried  out :  — 

Monday,  April  4th  :  — 

4  p.m. — Meeting  of  Council. 

8.30. — Opening  meeting  and  President's  address. 

Conversazione  held  bv  the  Chamber  of  Mines. 

Tuesday,  April  5th  :  — 

9.30  a.m. — Meetings  of  Sectional  Committees. 
10  a.m. — Meetings  of  Sections. 

8  p.m. — Popular  lecture,  "  Road  Locomotion,"  by  Prof. 
Hele  Shaw,  F.R.S. 

Wednesday,  April  6th  :  — 

9.30  a.m. — Meetings  of  Sectional  Committees. 

10  a.m. — Meetings  of  Sections. 

3.30  p.m. — Drive  round  Johannesburg  and  suburbs  by 
invitation  of  the  Members  of  the  Stock  Exchange, 
the  Chamber  of  Commerce,  and  the  Chamber  of  Trade. 

5.30  p.m. — Meeting  of  Council. 

8.15  p.m. — Reception  in  the  "Wanderers'  Hall  by  the  Mayor 
and  Town  Council  of  Johannesburg. 

Thursday,  April  7th  :  — 

8.30  a.m. — Excursion  to  Pretoria  and  to  the  Premier 
Diamond  Mine. 

Friday,  April  8th  :  — 

9.30  a.m. — Meetings  of  Sectional  Committees. 

10  a.m. — Meetings  of  Sections. 

3  p.m. — Visits  to  the  Robinson  Deep,  Ferreira  Deep,  and 
Robinson  Mines. 

6  p.m. — Inaugural  meeting  of  the  South  African  Ornitho- 
logists' Union. 

8.30  p.m. — Reception  by  the  Joliannesburg  Scientific 
Societies,  on  whose  behalf  Mr.  R.  M.  Catlin  received 
the  members  of  the  Association. 

Saturday,  April  9th  :  — 

8.30  a.m. — Council  meeting. 
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9  a.m. — ^Annual  General  Meeting. 

10.45  a.m. — Excursion  to  the  Dynamite  Factory,  Modder- 

fontein,    members    being    the    guests    of    the    South 

African  Explosives  Company. 

At  the  Sectional  meetings  the  following  papers  were  read : 

SECTION  A. 

April  5th :  — 

President's  Address — The  Metallurgy  of  the  Witwaters- 
rand,  by  J.  R.  Williams. 

The  Cyanide  Process  from  the  Standpoint  of  Modern 
Chemistry,  by  James  Moir,  D.Sc,  M.A.,  F.C.S. 

Reduction  Works  Checks,  with  special  reference  to  early 
Practice  on  the  Transvaal  Gold  Fields,  by  E.  H. 
Johnson. 

The  Evolution  in  the  Treatment  of  Bj-Products  on  the 
Witwatersrand  Gold  Fields,  by  M.  Torrente. 
April  6th :  — 

The  Genesis  of  Soils,  with  special  reference  to  the  Trans- 
vaal, by  A.  F.  Crosse. 

The  Chemical  Industry  of  the  Transvaal,  a  Forecast,  by 
W.  Cullen. 

The  Contact  Process  of  Sulphuric  Acid  Manufacture,  by 
E.  Weiskopf . 

Some  Economic  Problems  in  Metallurgy  on  the  Witwaters- 
rand, by  H.  S.  Denny. 
April  8th :  — 

The  Blizzard  of  June  9th-12th,  1902,  by  CM.  Stewart,  B.'Sc. 
Results  of   some   further   Observations   upon  the  Rate  of 
Evaporation,  by  J.  R.  Sutton,  M.A.,  F.R.Met.S. 

SECTION    B. 

April  5th :  — 

President's  Address — The  History  of    Stratigraphical   In- 
vestigation in  South  Africa,  by  Geo.  S.  Corstorphine. 
The   Geological   Features   of   the   Diamond   Pipes   of   the 
Pretoria  District,  by  H.  Kynaston,  M.A.,  and  A.  L. 

Hall. 

Stone  Implements  from  the  farm  Elandsfontein,  No.  235, 
by  J.  P.  Johnson. 

The  Witwatersrand  Series— an  Explanation  of  their  De- 
position, by  A.  von  Dessauer. 

Some  Rare  Metals  found  in  the  Transvaal— with  special 
reference  to  Radium,  by  E.  P.  Rathbone. 

April  6th:—  ^    ^ 

Alien  Plants  Spontaneous  in  the  Transvaal,  by  J.  Burtt 

Davy. 
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Notes  on  the  Vegetation  of  Southern  Rhodesia,  by  II, 
Marloth,  Ph.D.,  M.A. 

Biological  and  Ethnological  Observations  on  a  Trip  to  the 
North-east  Kalahari,  by  S.  Schonland,  Ph.D.,  il.A. 

Additional  Notes  on  the  Development  of  South  African 
Fishes,  by  J.  D.  F.  Gilchrist,  M.A.,  B.Sc,  Ph.D. 

Trout  Acclimatisation,  bv  13.  Bennion. 
April  8th:  — 

The  Science  of  Bacteriology  and  its  Commercial  Value,  by 
W.  11.  Jollyman. 

A  Further  Note  on  the  Co-relation  of  several  South  African 
Diseases  of  Stock,  by  Dr.  A.  Edington. 

Rhodesian  Tick  Fever,  by  A.  Theiler,  M.D. 

The  Bacteriological  Aspect  of  Miners'  Phthisis,  by  L.  G. 
Irvine,  M.D.,  M.A. 

Notes  on  some  Pathogenic  Bacteria  as  found  in  the  Trans- 
vaal, and  the  Variations  from  their  European  Proto- 
types, by  F.  H.  Joseph. 

SECTTOX    c. 

April  5th  :  — 

President's  Address — Improvements  in  Rolling  Stock,  by 

Lieut.-Col.  Sir  Percy  Girouard,  K.C.M.G.,  D.S.O. 
Diamond    Drilling — Prospecting    by    Drills,     by     G.     A. 

Denny. 
Hydraulic    Sluicing   and    Dredging    for    Gold,    by    J.    H. 

Ronaldson. 
Some     Practical     Observations     on    Forestry,     bv    D.    G. 

Muldoon. 
Duration  and  Area  of  Heavy  Rainfalls,  by  D.  C.  Leitch. 
Some    Considerations    respecting    Irrigation    in  the    New 

Colonies,  by  W.  Reid  Bell. 
April  6th  :  — 

Survey  Practice  in  the  Transvaal,  by  P.  B.  Osborn. 

The  Mine  Surveyor  and  his  Work  (m  the  Witwatersrand, 

by  A.  E.  Payne. 
Geodetic  Surveying,  by  W.  H.  Greathead. 
Fire  Protecti(m  on  the  Mines,  by  G.  H.  Thurston. 
Use  of  Producer  Gas-driven  Engines  on  Mining  Plants,  by 

A.  C.  Whittome. 
April  8th :  — 

The  Bacterial  Purification  of  Sewage,  by  E.  S.  Prentice. 

The  Septic  Tank  Treatment  of  Sewage,  by  J.  C.  I.  Beynon. 

Notes  on  Italian  Architecture,  by  W.  Leek. 

Domestic  Architecture,  by  E.  W.  Sloper. 

Lightning  Ari-esters  for  Electric  Transmission   Lines,  by 

L.  Wilms. 
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SECTION    D. 

April  5tli :  — 

Acting    President's    Address— The    Education    of    Exam- 

iners,  by  E.  B.  Sargant,  M.A. 
The     Prehistoric     Monuments     of     Bhodesia,    by    F.    P. 
Mennell. 

Nature  Study  for  South  Africa,  by  W.  L.  Sclater,  M.A. 
April  6th :  — 

The  Handling  of  Young  ('hildren,  by  P.  A.  Barnett,  M.A. 
Special  Assessments,  by  Stephen  Court. 
April  8th :  — 

Drawing  for  Young  Children,  by  E.  B.  Sargant. 

Inyanga  Fort,  by  H.  N.  Hall. 

A  Plea  for  Native  Education,  by  Basil  Williams. 

ANNUAL  GENERAL  MEETING. 

The  annual  general  meeting  of  the  Association  was  held 
on  Saturday,  9th  April,  at  10  a.m.,  in  the  rooms  of  the  Trans- 
vaal Technical  Institute,  Von  Brandis  Square,  Sir  Charles 
Metcalfe,  President,  in  the  chair. 

It  was  unanimously  decided  that  the  thanks  of  the 
Association  be  tendered  :  — 

To  His  Excellency  Lord  Milner,  G.C.B.,  G.C.M.G. 

To  His  Excellency  Sir  Arthur  Lawley  and  Lady  Lawley. 

To  the  Maj^or  and  Corporation  of  Johannesburg. 

To  Sir  George  and  Lady  Farrar. 

To  Mr.  and  Mrs.  T.  Eeunert. 

To  the  Director  of  Education,  the  Technical  Institute,  and  the 

Educational  Advisor  to  the  Transvaal  and  Orange  Kiver 

Colony,  for  accommodation  provided. 
To  The  Witwatersrand  Council    of    Education,    for    financial 

assistance. 
To  The  Stock  Exchange. 
To  The  Transvaal  Chamber  of  Mines. 
To  The  Chamber  of  Commerce 
To  The  Chamber  of  Trade. 
To  The  Commissioner  of  Police. 
To  The  Committees  of  the  Kand  (-lub,  The  New  Club,  und  The 

Athenaeum  Club,  Johannesburg,  and   The   Pretoria  Club 

and  The  New  Club,  Pretoria. 
To  the  following  Scientific  Societies:  — 

South  African  Association  of  Engineers. 

Chemical,  Metallurgical  and  Mining  Society  of  vS.A. 

Mechanical  Engineers'  Association  of  the  Witwatersrand. 

Association  of  Mine  Managers  (Witwatersrand). 

Geological  Society  of  South  Africa. 
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Transvaal  Philosophical  Society. 

The  Society  of  Accountants  and  Auditors.  (Trans.  Branch). 

Institute  of  Land  Surveyors,  Transvaal. 

Transvaal  Medical  Society. 

The  Incorporated  Law  Society  of  the  Transvaal. 

Institute  of  Mine  Surveyors  (Transvaal). 

Transvaal  Association  of  Architects. 

Field  Naturalists'  Club. 
To  The  Management  of  the  Premier  Diamond  Mine,  coupled 

with  the  names  of  Messrs.  CuUinan  and  Tracey. 
To  The  Management  of  the  Robinson,  Robinson  Deep,  Fer- 

reira,  and  Ferreira  Deep  G.M.  Companies. 
To  The  Management  of  the  S.A.  Explosives  Co.,  Modderfon- 

tein,  including  Mr.  W.  Cullen. 
To  The  various  Railway  Administrations  of  South  Africa  for 

railway  facilities  granted. 
To  The  Union-Castle  S.S.  Co.  for  travelling  facilities  granted. 
To  The  Public  Library. 

To  The  Press,  for  the  excellent  manner  in  which  they  have  re- 
ported this  Meeting. 
To  all  those  who  contributed  specimens    and    exhibits    to    the 

Museum. 
To  the  authors  of  papers  in  the  Official  Programme,  and  to  Mr. 

Frank  Flowers  for  providing  maps  and  plans. 
To  all  who  have  in  any  way  assisted  in  the  arrangements  for 

the  Meeting. 

The  following  office-bearers  and  members  of  Council  for 
1904-1905  were  elected. 

President : 

THEODORE  REUNERT,  M.I.C.E.,  M.I.M.E. 
Vice-Presidents : 

JAMES    FLETCHER,    Durban. 

SIDNEY  .T.  JENNINGS,  M.Amer.I.M.E.,  M.I.M.E.,  Johannesburg. 

DR.  T.  MUIR,   C.M.G.,  LL.D.,  M.A.,  F.R.SS.,   L.  &  E.,  CajMi  Toxni. 

GARDNER    F.  WILLIAMS,  Kimberley. 

Members  of  Cmtncil : 


Bfocinfontein. 
JAT^IES  LYLE. 

Bulnwayo. 
FRANKLIN  WHITE. 

Cape  Toicn. 

PROF.  J.  C.  BEATTIE. 
I»ROF.  L.  CRAWFORD. 
PROF.  P.  1).  HAHN. 
DR.  R.  MARLOTH. 


Cape  Toicn.—(C<mtd.). 

ARTHUR  H.  REID.' 
W.  L.  SCLATER. 
ALBERT  WALSH. 

£a*t  London, 
JOHN  WOOD. 

Grahanis    TWn. 

DR.  A.  EDINGTON. 
DR.  S.  SCHONLAND. 
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DR.  G.  S.  COKSTORPHINE. 

8IR  PERCY  FITZPATRICK. 

R.  T.  A.  INNES. 

PROF.  J.  G.  LAWN. 

J.  R.  WILLIAMS. 

DR.  W.  C.  C.  PAKES. 

PROF.  ORR. 

W.  A.   CALDECOTT. 

E.  J.  LASCHINGER. 

DAVID  GILMOUR, 

ERNEST  WILLIAMS. 

Sin  GEORGE  FARRAR. 

HOWARD  PIM. 

FRANK  FLOWERS. 

<J.  S.  BURT  ANDREWS. 

A.  VON  DESSAUER. 

DR.  F.  H.  HATCH. 

Kimberley. 

D.  W.  GREATBATCH. 
THOMAS  QUENTRALL. 

King   William' 8  Town. 

DR.  H.  M.  CHUTE. 

Komati   Poort. 

W.  HUTTON. 


LovtdcUc, 
DR.  ALEXANDER  W.  ROBERTS. 

PieUrnui  ritzbu  rg. 

J.  W.  SHORES. 
P.   A.  BARNETT. 

Port  Elizabeth. 
THOS.  REEVE, 

Pretoria. 

J.  BURTT  DAVY. 
H.  KYNASTON. 
F.  B.  SMITH. 

Queenstoini. 
E.  E.  GALPIN. 

Salijffmry. 
GUY  A.  K.  MARSHALL. 

»S'i»ion'«    Town. 
I).  ^L\CFARLANE. 


Stilfcnbosck. 

PROF.  J.  T.  MORRISON. 

Ex -Officio. 

Hon.  Secretaries :     DR.  J.  D.  F.  GILCHRIST.       WILLIAM  CULLEN. 

Hon.  Treasurer :     W.  WESTHOFEN,  P.W.D.,  Cape  Town. 

Past  Presidents :     SIR  DAVID   GILL,    H.^L  Astronomer   at   the   Cape. 

SIR  CHARLES  METCALFE,  Bart.,  M.I.M.E.,  Cape  Tohti. 

Assistant    Genei^al    Secretaries: 

Cape  Colony  and  Rhodesia  :    E.  H.  JONES,  P.O.Box  1497,  Cape  To\^^l. 

Transvaal,  Natal,  and  Orange  River  Colony  :    E.  M.  AINGE,  I».0.  Box  (5674, 

Johannesburg. 

REPORT  OF  THE  COUNCIL  FOR  THE  PERIOD  FROM  ^RD  MAY,  1903, 

TO  9tH  APRIL,  1904. 

1.  Since  the  last  report  of  the  Council  the  Association  has 
made  considerable  progress.  The  membership  has  greatly  in- 
<?rea8ed  during  the  past  year,  and  on  the  closing  day  of  this,  the 
Second  Annual  Session,  the  number,  including  160  Associate 
Members,  is  1,073,  showing  an  increase  of  326. 

2.  The  Report  of  the  Treasurer,  with  Financial  Statement 
for  the  year  ending  30th  June,  1904,  is  printed  in  this  Report. 

3.  The  Council  regrets  that  such  large  sums  are  outstand- 
ing for  subscriptions,  and  unless  these  are  paid  within  a  reason- 
able time  it  will  be  necessary  to  consider  the  advisability  of 
removing  from  the  Register  the  names  of  those  members  who 
are  in  arrear. 

4.  The  Report  of  the  First  Annual  Meeting,  held  in  Cape 
Town  from  the  27th  April  to  2nd  May,  1903,  was  published  on 
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the  26th  February  last,  and  a  copy  has  been  sent  to  every 
member  whose  subscription  has  been  paid  up  to  the  30th  June, 
1903. 

5.  The  Report  is  published  by  the  Association,  and  copies 
may  be  had  on  application  to  either  of  the  Secretaries,  or  to 
Messrs.  J.  C.  Juta  and  Co.,  Booksellers,  Cape  Town.  The  price 
of  the  Association's  Keport  has  been  fixed  at  One  Pound,  but 
members  of  the  Association  may  obtain  the  same  for  Ten 
Shillings,  on  application  to  either  of  the  Secretaries. 

A  list  of  the  Societies,  Public  Institutions,  etc.,  to  which  a 
copy  of  the  Keport  has  been  presented  will  be  found  on  page  586. 

6.  The  Council  joined  other  scientific  bodies  in  South 
Africa  in  inviting  the  Triennial  International  Geological  Con- 
gress to  visit  South  Africa  in  the  year  1906.  The  invitation, 
however,  has  not  been  accepted,  as  the  Congress  has  decided  to 
visit  Mexico. 

7.  In  response  to  requests  the  Council  has  added  Metal- 
lurgy to  the  list  of  subjects  in  Section  A,  and  Forestry  to 
Section  C. 

8.  Grants  in  Aid  of  Research  Work. — On  the  7th  August 
last  applications  were  invited  from  members  for  Grants  in  Aid 
of  Research  Work.  The  applications  were  to  be  received  by 
the  Secretary  not  later  than  31st  December,  1903,  and  to  be 
finallv  dealt  with  by  the  Council  at  the  Second  Annual  Session. 

As  a  result  of  this  invitation  the  following  applications 
were  received  :  — 

By    Professor    H.    11.    W.    Pearson,    M.A.,    F.L.S.,    South 
African  College,  for  the  sum  of  Twenty-five  Pounds 
in  aid  of  research  on  Wchcitschia  mirabilis. 
By    Mr.    J.    Burtt    Davy,    F.L.S.,    F.R.G.S.,    Government 
Botanist,  Pretoria,  for  the  sum  of  Fiftv  Pounds    to 
aid  in  the  preparation    of    an    Annotated    Catalogue 
of  the  Flowering  Plants  and  Ferns  known  to  occur  in 
the  Transvaal. 
By  Mr.  R.  T.  A.  Innes,  F.R.A.S.,  Meteorological  Observa- 
tory,    Johannesburg,    for    the    sum    of     Twenty-five 
Pounds,  in  aid  of  the  work  of  preparing  Tables  of  the 
Barometic  Pressures  over  South  Africa   and   adjacent 
regions. 
A  committee,  consisting  of  Dr.  Harry  Bolus,  Dr.  R.  Mar- 
loth,  and  Dr.  S.  Schonland,  was  appointed  by  the  Council  to 
consider  and  report  on  the  applicati(ms  by  Professor  Pearson 
and  Mr.  Burtt-Davy ;  and  Mr.  Innes'  application  was  referred  to 
a  committee  consisting  of  Sir  David  Gill  and  Dr.  T.  Muir. 

At  a  meeting  of  the  Council,  held  during  the  Second 
Anniud  Session,  the  payment  of  the  grants  in  terms  of  the  re- 
commendations of  the  Committees  was  unanimouslv  authorised. 
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9.  The  Council  received  invitations  from  Kimberley  and 
Durban  for  the  meeting  of  the  Association  in  1906.  These 
invitations  were  referred  for  consideration  by  the  Council  dur- 
ing the  Second  Annual  Session  at  Johannesburg,  and  al  a 
meeting  held  there  on  the  4th  April  it  was  decided  to  accept 
the  Kimberlej'  invitation,  as  it  was  received  first. 

10.  At  the  request  of  the  Johannesburg  Local  Committee, 
Sir  David  Gill  re-delivered  his  Presidential  Address  in  the 
Johannesburg  Public  Library,  on  Thursday,  14th  May,  190ti. 

11.  On  the  16th  November,  190'i,  the  Johannesburg 
Committee  elected  a  permanent  Astronomical  ('ommittee,  con- 
sisting of  Messrs.  Playford,  Reunert,  and  Dumat,  and  it  is 
Loped  that  their  labours  may  result  in  the  establishment  of  a 
small  Observatory. 

12.  During  the  year  considerable  progress  was  made  with 
the  establishment  of  the  Meteorological  Station,  which  is  ex- 
pected to  be  in  full  working  order  by  the  end  of  ^ay.  The 
Director,  Mr.  K.  T.  A.  Innes,  has  in  the  meantime  been  em- 
ployed collecting  data  and  establishing  recording  stations 
throughout  the  country.  The  benefits  resulting  from  the 
establishment  of  this  most  important  department  should  soon 
be  felt. 

V\.  The  second  Annual  Session  of  the  Association  was 
held  in  Johannesburg. 

14.  The  Sectional  Committees,  with  their  Presidents  and 
Secretaries,  were  elected  at  a  meeting  of  the  Local  Committee 
on  14th  September,  190^^.  At  a  subsequent  meeting  it  was 
decided  to  have  a  temporary  loan  collection  on  exhibition  dur- 
ing the  session. 

15.  Reception,  Entertainment,  Business,  and  Press  Com- 
mittees were  elected  towards  the  end  of  the  year. 

16.  A  Reception  Committee  was  also  formed  in  Pretoria, 
Und  was  responsible  for  all  the  arrangements  on  the  occasion  of 
the  Association's  visit  there. 

IT.  Shortly  before  the  Session  it  was  reported  that  plague 
liad  broken  out  in  Joliannesburg,  and  it  was  thought  that  this 
xrould  militate  against  the  success  of  the  meeting,  but  this 
liappily  did  not  prove  the  case. 

18.  On  account  of  illness  Sir  Percy  Fitzpatrick  was  pre- 
vented from  taking  part  in  the  proceedings. 

19.  The  Sessi(m  opened  on  Monday,  April  4th,  and  con- 
tinued during  the  week,  closing  on  Saturday,  the  9th  April. 

20.  His  Excellency  the  High  Commissioner,  Lord  Milner, 
presided  at  the  opening  meeting,  at  which  Sir  (^harles  Metcalfe 
delivered  his  Presidential  Address. 

21.  The  sectional  meetings  were  held  on  the  premises  of 
the  Technical  Institute,  Von  Brandis   Square,  and  the  Com- 
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mittee  and  Council  meetings  in  the   rooms   of   the    Education 
Department,  both  places  being  kindly  lent  for  the  occasion. 

22.  Under  the  auspices  of  the  Association  the  first  con- 
ference of  librarians  and  those  interested  in  the  libraries  of 
South  Africa  was  held  on  Tuesday,  the  5th  April.  ilr. 
Reunert  presided  over  the  conference,  and  Mr.  Bertram  L. 
Dyer  gave  particulars  regarding  all  the  South  African  libraries. 
Mr.  Justice  Laurence  was  unable  to  be  present,  but  his  in- 
augural address  was  read.  At  the  end  of  the  proceedings  it 
was  unanimously  agreed  to  ask  the  Council  of  the  Association 
to  arrange  a  special  sub-section  of  Section  D  at  all  future 
annual  meetings  to  deal  with  the  question  of  libraries. 

23.  The  attendance  at  the  various  sectional  meetings  was 
very  good,  evidencing  on  the  part  of  the  public  an  increased 
interest  in  the  work  of  the  Association. 

24.  The  proceedings  were  rendered  more  than  usually  in- 
teresting by  visits  to  the  mines,  Pretoria,  and  the  Dynamite 
Factory.  The  temporary  loan  collection  proved  of  great  in- 
terest, and  was  visited  by  a  large  number  of  the  general  public. 

25.  On  the  opening  day  of  the  Meeting  the  following 
cable  was  received  from  the  British  Association  :  — *'  British 
Association  wish  meeting  success.  Hope  theirs  same  1905 '' ; 
to  which  the  following  reply  was  sent :  — **  South  African 
Association  of  Science  thank  you  for  your  kind  message,  and 
look  forward  with  confidence  and  best  wishes  to  your  meeting 
here  next  year." 

26.  In  view  of  the  visit  of  the  British  Association  to 
South  Africa  next  year  the  Third  Annual  Meeting  of  this 
Association  will  be  merged  in  that  of  the  British  Association. 
The  Meeting  will  open  at  Cape  Town  in  August. 

W.  CULLEN, 

J.  D.  F.  Gilchrist, 

Hon.  Secretaries. 
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REPORT  BY  TUE  HON.  TREASURER  FOR  THE  YEAR  ENDED  SOtH 

JUNE,    1904. 

Although  desired  by  the  Council,  it  has  not  been  practic- 
able to  prepare  a  single  financial  statement  dealing  with  the 
whole  of  the  funds  of  the  Association,  and  two  separate  state- 
ments are  therefore  again  submitted. 

The  membership  of  the  Association  has  largely  increased 
during  the  year,  but  on  the  other  hand  a  considerable  number 
of  original  or  foundation  members  have  failed  to  pay  the 
whole  or  part  of  their  subscriptions  due,  and  it  will  be  neces- 
sary to  remove  some  60  names  from  the  list. 

The  Hon.  Treasurer  regrets  to  have  again  to  draw  atten- 
tion to  the  fact  that  members  fail — in  spite  of  repeated 
remiinders — to  fulfil  their  obligations  in  respect  to  pajment  of 
subscriptions,  and  there  is  at  the  present  moment — independent 
of  those  alluded  to  above — a  sum  of  nearly  £500  outstanding. 
In  this  total  are  included  the  subscriptions  for  the  current  year, 
which  became  due  on  the  1st  July  last. 

This  neglect  (m  the  part  of  so  many  members  of  the 
Association  interferes  with  its  usefulness  to  a  serious  degree, 
inasmuch  as  the  amount  available  for  grants  in  aid  of  original 
research  have  to  be  limited  in  accordance  with  funds  in  hand. 

It  had  the  further  eflfect  of  preventing  the  Council  from 
investing  in  the  names  of  trustees  the  life  subscriptions  and 
entrance  fees  in  compliance  with  sub-section  C.  of  Section  11 
of  the  Constitution. 

W.  Westhofen, 

Hon.  Treasurer. 
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CONSTITUTION   OF   THE  ASSOCIATION. 

I. — OBJECTS. 

The  objects  of  the  Association  are :  — To  give  a  stronger 
impulse  andf  a  more  systematic  direction  to  scientific  inouiry; 
to  promote  the  intercourse  of  Societies  and  individuals  in- 
terested in  Science  in  different  parts  of  South  Africa ;  to  obtain 
a  more  general  attention  to  the  objects  of  pure  and  applied 
Science,  and  the  removal  of  any  disadvantages  of  a  public  kind 
which  may  impede  its  progress. 

II. — MEMBERSHIP. 

(a)  All  persons  interested  in  the  objects  of  the  Association 
are  eligible  for  Membership. 

(6)  The  Association  shall  consist  of  Permanent  Members, 
hereafter  called  "  Members,"  and  Temporary  Members,  here- 
after called  "  Associates." 

(c)  Members  shall  be  elected  directly  by  the  Council; 
Associates  by  Local  Committees. 

(d)  The  Council  shall  have  the  power,  by  a  three-fourths 
vote,  to  remove  the  name  of  anyone  whose  Membership  is  no 
longer  desirable  in  the  interests  of  the  Association. 

III. — PRIVILEGES    OF    MEMBERS    AND    ASSOCIATES. 

(a)  Members  shall  be  eligible  for  all  offices  of  the  Associa- 
tion, and  to  serve  on  its  Committees,  and  shall  be  entitled  to  a 
copy  of  all  ordinary  publications  issued  by  the  Association  sub- 
sequent to  the  date  of  their  election. 

(b)  Associates  are  eligible  to  serve  on  the  Local  Reception 
Committee,  but  are  not  eligible  to  hold  any  other  office,  and 
they  are  not  entitled  to  receive  gratuitously  the  publications  of 
the  Association. 

IV. — SUBSCRIPTIONS. 

(a)  The  Annual  Subscriptions  for  Members  shall  be  One 
Pound,  payable  first  at  election,  and  thereafter  on  the  First  of 
July  of  each  year.  After  the  first  session  intending  Members 
shall  be  required  to  pay  an  Entrance  Fee  of  One  Pound,  in 
addition. 

(b)  X  Member  may  at  any  time  become  a  Life  Member  by 
one  payment  of  Ten  Pounds,  in  lieu  of  future  Annual  Sub- 
scriptions, or  in  lieu  of  Entrance  Fee  and  future  Annual  Sub- 
scriptions. 

(c)  The  Annual  Subscription  for  Associates  shall  be 
Fifteen  Shillings. 

(d)  The  Council  may  authorise  Local  Committees  to  admit 
students  as  Associates  at  a  reduced  subscription  on  the  special 
circumstances  of  each  case  being  submitted. 

V. — MEETINGS. 

The  Association  shall  meet  in  Session  periodically  for  one 
week  or  longer.  The  place  of  meeting  shall  be  appointed  by 
the  Council  as  far  in  advance  as  possible,  and  the  arrangementa 
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for  it  shall  be  entrusted  to  the  Local  Committee,  in  conjunc- 
tion with  the  Council. 

VI. — COUNCIL. 

(a)  The  Management  of  the  affairs  of  the  Association  shall 
be  entrusted  to  a  Council. 

(6)  The  Council  shall,  in  the  first  instance,  be  elected  by 
the  General  Committee,  and  shall  consist  of  Twenty-five  Mem- 
bers. Thereafter  it  shall  consist  of  the  President  and  four 
Xice-Presidents  of  the  Association,  Past  Presidents  of  the 
Association,  Past  and  Present  General  Secretaries  and  Trea- 
eurers,  representatives  to  be  elected  by  each  Centre  in  the  pro- 
portion of  one  representative  for  every  25  Members,  and  such 
others  to  be  elected  by  the  Members  at  the  Annual  Meeting  of 
the  Association,  as  shall  give  altogether  one  Member  of  Coun- 
cil to  every  25  Members  of  the  Association. 

(c)  The  Council  so  elected  shall  at  once  proceed  to  elect 
the  President,  Vice-Presidents,  two  Secretaries,  Treasurer,  and 
an  Assistant  General  Secretary.  The  Council  shall  have  the 
power  to  pay  for  the  services  of  the  Assistant  General  Secre- 
tary, and  for  other  such  clerical  assistance  as  it  may  consider 
necessary. 

(d)  During  any  Session  of  the  Association  the  Council 
shall  meet,  at  least,  twice. 

(e)  The  Council  shall  have  the  power  to  frame  Bye-laws  to 
facilitate  the  practical  working  of  the  Association,  so  long  as 
these  Bye-laws  are  not  at  variance  with  the  Constitution. 

VII. — MANAGING    COMMITTEE  OF  COUNCIL. 

In  the  intervals  between  the  Sessions  of  the  Association, 
its  general  affairs  shall  be  managed  by  a  Committee  of  Coun- 
cil, consisting  of  President,  General  Treasurer,  General  Secre- 
taries, and  four  other  Members,  elected  annually  by  the 
Council. 

VIII. — LOCAL   COMMITTEES. 

In  the  intervals  between  the  Sessions  of  the  Association, 
its  local  affairs  shall  be  managed  by  the  Local  Committees. 
This  Committee  shall  consist  of  the  Members  of  the  Council 
resident  in  that  Centre,  with  such  other  Members  of  the 
Association  as  the  said  Members  of  Council  may  elect. 

IX. RECEPTION    COMMITTEE. 

The  Local  Committee  of  the  Centre  at  which  the  Session 
is  to  be  held  shall  form  a  Reception  Committee,  to  assist  in 
making  arrangements  for  the  meeting,  and  for  the  reception 
and  entertainment  of  the  visitors.  This  Committee  shall  have 
power  to  add  to  its  number  from  iimong  the  Members  and 
Associates  of  the  Association.* 

•  For  aniingenients  with  re<rard  to  Papeis  to  be  read,  see  Section  XIV. 
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x. — headquarters. 

The  Headquaiters  of  the  Association  shall  be  in  Cape 
Town  at  the  outset. 

XI. — FINANCE. 

(a)  The  Financial  Year  shall  end  on  the  30th  of  June. 

(6)  All  sums  received  for  Life  Subscriptions  and  for 
Entrance  Fees  shall  be  invested  in  the  names  of  three  Trustees 
appointed  by  the  Council,  and  only  the  interest  arising  from 
such  Investment  shall  be  applied  to  the  uses  of  the  Association. 

(c)  Subscriptions  shall  be  collected  by  the  Local  Secre- 
tary of  each  Centre,  and  by  him  forwarded  to  the  General 
Treasurer. 

(d)  The  Local  Committees  shall  not  have  power  to  expend 
money  without  the  authority  of  the  Council,  with  the  excep- 
tion of  the  Local  Committee  of  the  Centre  at  which  the  next 
ensuing  Session  is  to  be  held,  which  shall  have  the  power  to 
expend  money  collected,  or  otherwise  obtained  in  that  Centre. 
Such  disbursements  shall  be  audited,  and  the  balance-sheet 
and  the  surplus  funds  forwarded  to  the  General  Treasurer  a 
month  before  the  end  of  the  Financial  Year. 

(e)  All  Cheques  shall  be  signed  either  by  the  General 
Treasurer  and  a  General  Secretary,  or  by  the  Local  Treasurer 
and  Secretary  of  the  Centre  at  which  the  next  ensuing  Session 
is  to  be  held. 

(/)  Whenever  the  balance  in  the  hands  of  the  Treasurer 
sliall  exceed  the  sum  requisite  for  the  probable  or  current  ex- 
penses of  the  Association,  the  Council  shall  invest  the  excess 
in  the  names  of  the  Trustees. 

(g)  The  whole  of  the  accounts  of  the  Association,  i.e.,  the 
local  as  well  as  the  general  accounts,  shall  be  audited  annually 
by  an  auditor  appointed  by  the  Council,  and  the  Balance- 
sheet  shall  be  submitted  to  the  Council  at  the  first  meeting 
thereafter,  and  be  printed  in  the  Annual  Eeport  of  the 
Association. 

XII. — GRANTS   FOR   RESEARCH. 

(a)  Grants  may  be  made  by  the  Association  to  Committees 
or  to  individuals  for  the  promotion  of  Scientific  Research. 

(b)  Committees  and  individuals  to  whom  grants  of  money 
shall  be  entrusted  are  required  to  present  to  the  following 
Meeting  a  renort  of  the  progress  which  has  been  made,  to- 
gether with  a  statement  of  the  sums  which  have  been  ex- 
pended. Any  balance  shall  be  returned  to  the  General  Trea- 
surer. In  each  Committee  the  Secretary  is  the  only  person 
entitled  to  call  on  the  Treasurer  for  such  portions  of  the  sums 
granted  as  may  from  time  to  time  be  required.  In  making 
grants  of  money  to  Committees  or  to  individuals,  the  Associa- 
tion does  not  contemplate  the  payments  of  personal  expenses 
to  the  Members,  or  to  individuals. 
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XIII. — SECTIONS  OF  THE  ASSOCIATION. 

The  Council  shall  have  the  power  to  constitute  such  sec- 
tions of  the  Association  as  it  may  consider  necessary,  the  fol- 
iowing  being  constituted  at  the  outset :  — 

A,  Astronomy. 
Chemistry. 
Mathematics. 
Meteorology. 
Physics. 

B,  Anthropology  and   Ethnology. 
Bacteriology. 

Botany. 

Geography. 

Geology  and  Mineralogy. 

Zoology. 

C.  Agriculture. 
Architecture. 
Engineering. 
Geodesy  and  Surveying. 
Sanitary  Science. 

D.  Archaeology. 
Education. 
Mental  Science. 
Philology. 
Political  Economy. 
Sociology. 
Statistics. 

XIV. — SECTIONAL    COMMITTEES. 

(a)  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the 
several  sections  shall  be  chosen  by  the  Council,  after  consulta- 
tion with  the  Local  Committee  of  the  Centre  at  which  the  next 
ensuing  Session  of  the  Association  is  to  be  held. 

(b)  -From  the  time  of  their  election,  which  shall  take  place 
as  soon  as  possible  after  the  Session  of  the  Association,  they 
shall  form  themselves  into  an  organising  Committee  for  the 
purpose  of  obtaining  information  upon  Papers  likely  to  be  sub- 
mitted to  the  Sections,  and  for  the  general  furtherance  of  the 
work  of  the  Sectional  Committees.  The  Sectional  Presidents  of 
former  y^ars  shall  be  e^r  officio  memhers  of  the  Organising  Com- 
mittee. 

(c)  The  Sectional  Committee  shall  have  power  to  add  to 
its  number  from  among  the  Members  and  Associates  of  the 
Association. 

(d)  The  Committees  of  the  several  Sections  shall  determine 
ihe  acceptance  of  Papers  before  the  beginning  of  the  Session, 
keeping  the  General  Secretaries  informed  from  time  to  time  of 
their  work.  It  is  therefore  desirable,  in  order  to  give  an  oppor- 
tunity to  the  Committees  of  doing  justice  to  the  several  com- 
munications, that  each  author  should  prepare  an  abstract  of  his 

MM 
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Paper  of  a  length  suitable  for  insertion  in  the  published  Trans- 
actions of  the  Association,  and  he  should  send  it.  together  with 
the  original  Paper,  to  the  Secretary  of  the  Section  before  which 
it  is  to  be  read,  so  that  it  may  reach  him,  at  least,  a  fortnight 
before  the  Session. 

(e)  Members  may  communicate  to  the  Secti(ms  the  Papers 
of  non-members. 

(f)  The  Author  of  any  Paper  is  at  liberty  to  reserve  his 
right  of  property  therein. 

(g)  The  Sectional  Committees  shall  meet  not  later  than 
the  first  day  of  the  Session  in  the  Rooms  of  their  respective 
Sections,  and  prepare  the  programme  for  their  Sections  and 
forward  the  same  to  the  General  Secretaries  for  publication. 

(h)  The  Council  cannot  guarantee  the  insertion  of  any 
Report,  Paper,  or  Abstract  in  the  the  Annual  Volume  unless  it 
be  handed  to  the  Secretary  before  the  conclusion  of  the  Session. 

(i)  The  Sectional  Committees  shall  report  to  the  Council 
what  Reports,  Papers,  or  Abstracts  it  is  thoucrht  advisable  to 
print,  but  the  final  decision  shall  rest  with  the  Council. 

XV. — RESEARCH  COMMITTEES. 

(a)  In  recommending  the  appointment  of  Research  Com- 
mittees, all  Members  of  such  Committees  shall  be  named,  and 
one  of  them,  who  has  notified  his  willingness  to  accept  the  office, 
shall  be  appointed  to  act  as  Secretary.  The  number  of  Members 
appointed  to  serve  on  a  Research  Committee  shall  be  as  small  as 
i^  consistent  with  its  efficient  working.  Individuals  may  be 
recommended  to  make  reports. 

(b)  All  recommendations  adopted  by  Sectional  Committees 
shall  be  forwarded  without  delay  to  the  Council  for  considera- 
tion and  decision. 

XVI. — ALTERATION  OF  RULES. 

An 5'  proposed  alteration  of  the  Rules 

(a)  Shall  be  intimated  to  the  Council  Six  Months  before 

the  next  Session  of  the  Association, 

(b)  Shall  be  duly  considered  by  the  Council, 

(c)  And,  if  approved,  shall  be  communicated  by  Cir- 

cular to  the  Members  of  Association  for  their  con- 
sideration, 

(d)  And  dealt  with  at  the  said  Session  of  the  Associa-^ 
tion. 

XVII. — VOTING. 

In  Voting  for  Members  of  Council,  or  on  questions  con- 
nected with  Alteration  to  Rules,  absent  Members  may  record 
their  vote  in  writing. 


LIST  OF  MEMBEKS   OF  THE   SOUTH  AFRICAN  ASSOCIATION  FOU   THE 
ADVANCEMENT  OF  SCIENCE,  AT  JUNE  30tH,  1904. 


**  Indicates  Life  Members. 

*  Indicates  Foundation  Members,  i.e.,  those  wlio  were  members  of  the 
Association  on  June  30th,  1902. 


Members  are  requested  to  notify  the  Sea'etaru  of  any  corrections  that  may  he 

needed  in  the  list. 


oaAbabrelton,  Robert,  F.R.C.I.,  F.R.E.S.,  P.O.  Box  322,  Pieter- 

inaritzburg,  Natal. 
*Aburrow,  C,  P.O.  Box  534,  Johannesburg. 
Acheson,  Gras.  H.,  1,  Higbfield  Terrace,  Doornfontein,  Johan- 
nesburg. 
*Aekermann,  A.  W.,  Assoc. M. Inst. C.E.,  M.S.I.,  M.C.M.E.,  P.O. 

Box  426,  Cape  Town. 
*Ackermann,  Mrs.  A.  W.,  c/o  A.  W.  Ackermann,  Esq.,  P.O. 

Box  426,  Cape  Town. 
*Ackermann,  Miss  Kate,  e/o  A.    W.    Ackermann,    Esq.^   P.O. 

Box  426,  Cape  Town. 
Adams,  A.  E.,  Beresford  Buildings,  Johannesburg. 
Adams,  John   Franklin,   F.R.A.8.,   Mervel  Hill,   Gadalming, 

England. 
*Adamson,  William,  P.O.  Box  426,  Cape  Town. 
Addison,  William  Henry,  c/o  Messrs.  Mosenthal  &  Co.,  Kim- 

berley.  Cape  Colony. 
Agutter,  Thomas  Charles,  Architect  and  C.E.,  R.  Naval  Yard, 

Simon's  Town,  Cape  Colony. 
Aiken,  A.,  P.O.  Box  2636,  Johannesburg. 
Ainslee,  George,  Kiaova,  Sunny  Brae  Estate,  near  Cape  Town. 

Cape  Town. 
Ainsworth,  Herbert,  P.O.  Box  1553,  Johannesburg. 
Albrecht,  John  August,  Assoc.M.I.Mech.E.,    P.O.    Box    1361, 

Cape  Town. 
Alston,  R.,  New  Rietfontein  Estates,  Ltd.,  Knights. 
Amphlett,  George  Thomas,  Standard  Bank  of  South  Africa, 

Ltd.,  Cape  Town. 
Anderson,  Alfred  Jasper,  M.A.,  M.B.  Oxon.,  D.P.H.  Camb., 

M.R.C.S.  Lond.,  4,  Church  Square,  Cape  Town. 
Anderson,  W.  T.,  P.O.  Box  184,  Germiston,  Transvaal. 
^Andrews,  G.  S.  Burt,    Assoc.M.Inst.C.E.,    M.S.A.,    P.O.    Box 

1049,  Johannesburg. 
Armstrong,  A.  C,  c/o  Milliken  Bros.,  Engineers,  P.O.  Box  388» 

Cape  Town. 
Armstrong,  W.,  c/o  Armstrong  &  Co.,  Port  Elizabeth,  Cape 

Colony. 
Arnold,  Dr.  F.  A.,  P.O.  Box  356,  Pretoria,  Transvaal. 
Amott,  William,  Gas  Works,  Port  Elizabeth,  Cape  Colony. 
Arnot,  W.  M.,  P.O.  Box  1129,  Johannesburg. 
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Aspinall,  A.  E.,  P.O.  Box  403,  Johannesburg. 
Atkinson,  H.  W.,  P.O.  Box  846,  Pretoria. 
*Attridge,  Ernest  William,  C.E.,  F.I.San.E.,  Mount  Pleasant, 
Simon's  Town,  Cape  Colony. 
Auret,  A.  A.,  P.O.  Box  838,  Johannesburg. 
Austin,  Henry  B.,  Government  Deeds  Office,  Bloemfontein. 
Ayres,  Gilbert  F.,  Woodward,  Rondebosch,  near  Cape  Town. 

Babbs,  Arthur  Thomas,  Member  Quantity  Surveyors'  Associa- 
tion, England,  Rhodes  Buildings,  Cape  Town. 
Badcock,    F.    D.,    Assoe.M.Inst.C.E.,    M.A.,    Town    Engineer, 

Pretoria. 
Bailey,  Dr.  W.  F.,  Falmouth  Villa,  Main  Road,  Sea  Point, 

near  Cape  Town. 
Baily,  H.  A.,  P.O.  Box  1281,  Johannesburg. 
Bain,  C.  A.  S.,  P.O.  Box  184,  Johannesburg. 
*Baker,  Herbert,  F.R.I.B.A.,  Standard  Bank  Buildings,  Johan- 
nesburg. 
Ball,  Thos.  J.,  P.O.  Box  2536,  Johannesburg. 
Balmforth,  Rev.  Ramsden,  Daisy  Bank,  Upper  Camp  Street, 
Cape  Town. 
*Banham,   Charles   Proctor,   M.Inst.E.E.,   M.I.Mech.E.,   Table 
Bay  Harbour  Works,  Cape  Town. 
Banks,    John.    Rietfontein    "A"    G.M.    Co.,    P.O.    Box    590, 
Johannesburg. 
♦Barker,  J.  R.  K.,  P.O.  Box  3321,  Johannesburg. 
*Barnes,  J.  F.  E.,  C.M.G.,  Public  Works  Department,  Maritz- 
burg,  Natal. 
Barneston,  A.,  P.O.  Box  6100,  Johannesburg. 
Baxter,  William,  M.A.,  South  African  College  School,  Cape 
Town. 
*Beattie,  Professor  J.  C,  D.Sc,  F.R.S.E.,  South  African  Col- 
lege, Cape  Town. 
Beck,  Dr.  J.  H.  Meiring,  The  Drostdy,  Tulbagh,  Cape  Colony. 
*Becker,  Hermann  Franz,  M.D.,  F.L.S.,  F.S.A.,  Die  Duveneok, 
Graham's  Town,  Cape  Colony. 
Beckett,  G.  Wm.,  P.O.  Box  424*  Pretoria. 
Beckmann,  A.  Eckart,  P.O.  Box  417,  Johannesburg. 
Beddy,   William   Henry,   Kimberley   Club,   Kimberley,   Cape 
Colony. 
*Behr,  H.  C,  Consd.  Goldfields  of  S.  Africa,  Ltd.,  P.O.  Box 

1167,  Johannesburg. 
"^Beisly,  P.  S.,  P.O.  Box  50,  Germiston,  Transvaal. 
Bell,  H.  T.  M.,  B.A.,  P.O.  Box  4832,  Johannesburg. 
Bell,  W.  Reid,  M.Inst.C.E.,  F.R.Met.Soc,  M.I.E.S.,  P.O.  Box 

78,  Potchefstroom,  Transvaal. 
Bender,  Rev.  A.  P.,  M.A.,  Synagogue  House,  Cape  Town. 
Bennett,  A.  C,  M.D.,  Griquatown,  Dist.  Hay,  Cape  Colony. 
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*Beniiett,  Thomas,  M.Inst.C.C,  Municipal  Offices^  Muizenberg, 

near  Cape  Town. 
Bernard,    Major    John    Bernard,    Oakfields,    Wembdon,    nr. 

Bridgwater,  Somerset,  England. 
Bernfeld,  G.,  P.O.  Box  3072,  Johannesburg. 
*Berry,  Hon.  Sir  William  Bisset,    Kt.,    M.A.,    M.D.,    M.L.A., 

Queen's  Town,  Cape  Colony. 
Beynon,  J.  C.  S.,  Assoc. M.Inst.C.E.,  P.O.  Box  2926,  Johannes- 
burg. 
Biden,  Arthur,  P.O.  Box  3384,  Johannesburg. 
Bidwell,  C.  Hugh,  P.O.  Box  24,  Bloemfontein. 
Bisset,  James,  J.P.,  M.Inst.C.E.,  Beauleigh,  Kenilworth,  near 

Cape  Town. 
Blaine,  H.  F.,  Bloemfontein. 
Blaker,  William  Herbert,  Assoc. M.Inst.C.E.,  Asst.  Engineer  to 

Sir    John    Jackson,    Ltd.,    Admiralty      Harbour     Works, 

Simon's  Town,  Cape  Colony. 
*Blane,  Jas.,  P.O.  Box  191,  Germiston,  Transvaal. 
Bleloch,  W.  E.,  P.O.  Box  738,  Johannesburg. 
Blieden,  Dr.,  P.O.  Box  5297,  Johannesburg. 
Blore,  Harold  W.  J.,  P.O.  Box  31,  Johannesburg. 
Bloxam,    Hugh    Charles    London,    Analyst    and    Laboratory 

Manager,  Heynes,  Mathew  &  Co.,  Cape  Town. 
Bolus,  Harry,  D.Sc,  F.L.S.,  Sherwood,  Kenilworth,  near  Cape 

Town. 
Bond,  W.  P.,  Public  Library,  Burghersdorp,  Cape  Colony. 
*Boulton,  H.  C,  Hhodesia  Kailways,  Ltd.,  Box  422,  Bulawayo. 

Bhodesia. 
Bradley,  A.  A.,  P.O.  Box  5,  Cleveland,  Johannesburg. 
*Braine,  Charles  Dimond  Horatio,  Assoc. M.Inst.C.E.,  Drainage 

Works,  Town  Hall,  Mowbray,  near  Cape  Town. 
Brakhan,  A.,  P.O.  Box  4249,  Johannesburg. 
Brayshaw,  B.  W.,  P.O.  Box  171,  Johannesburg. 
Brearley,  Frederick  Thomas,  M.I.Mech.E.,  Assoc. M.Inst.C.E., 

Pendennis,  Muizenberg,  near  Cape  Town. 
Brearley,  Mrs.  F.  T.,  Pendennis,  Muizenberg,  near  Cape  Town. 
Brennan,  Francis  Joseph,  Architect,  c/o  Brennan  &  Hill,  P.O. 

Box  16,  Kimberley,  Cape  Colony. 
Brice,  Seward,  M.A.,  LL.D.,  K.C.,  Rand  Club,  Johannesburg. 
*Brigham,  Alexander  Fay,  Mining  Engineer,  De  Beers  Consd. 

Mines,  Ltd.,  Kimberley,  Cape  Colony. 
Brims,  Charles  R.,  C.E.,  New    Dock    Works,    Simon's    Town, 

Cape  Colony. 
*Bromley,    Robert,    C.E.,   District    Inspector,    No.    1    District, 

Public  Works  Department,  Cape  Town. 
Brooking,  Harold  E.  B.,  East  London,  Cape  Colony. 
*Brook8,    Edwin    James    Dewdney,    C.E.,    West    Bank,    King 

William's  Town,  Cape  Colony. 
♦Brooks,  F.  C,  P.O.  Box  56,  Zeerust,  Transvaal. 
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Government  of  Xatal. 
Government  of  the  Orange  River  Colony. 
Government  of  Rhodesia. 

PUBLIC    LIBRARIES    IN    SOUTH    AFRICA. 

Cape  Colony  :  — 
Beaufort  West. 
Cape  Town. 
Cradock. 
East  Lond(m. 
George. 
Graaft*  Reinet. 
Grahamstown. 

Joint  Library  of  Parliament. 
Kimberley. 

King  William's  Town. 
Paarl. 

Tort  Elizabeth. 
Prince  Albert. 
Queenstown. 
Stellenbosch. 
ritenhage. 
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Umtata. 

Wellington. 

Worcester, 
f  ransviml :  — 

Johannesburg. 

Pretoria. 

Potehefstroom. 
Orange  Kiver  Colony:  — 

Bloemfontein. 
Natal :  — 

Durban. 

Pieterniaritzburg. 
Rhodesia  :  — 

IJulawayo. 

Salisbury. 

Tnitali. 

SOUTH    AFRICAN    PRESS. 

Cape  Colony :  — 

(Uipe  Argun  J  Cape  Town. 

Cape  Times,  Cape  Town. 

Cape  of  Good  Hope  Teaehers*  Annual. 

JJiainotiff  Fields^  Advertiser,  Kimberley. 

East  London  Dispatch. 

Eastern  Province  Herald,  Port  Elizabeth. 

0ns  Land,  Cape  Town. 

Queenstoicn  Free  Press  and  Representative, 

South  African  Neics,  Cape  Town. 

7 he  Journal,  Grahamstown. 

The  \ew  Era,  Cape  Town. 

Khodesia  :  — 

B  u  la  waijo  Ch  ro  n  icle. 
Rhodesia  Herald,  Salisbury. 

Xatal :  — 

\atal  Mercury,  Durban. 
Xatal  Advertiser,  Durban. 
Xatal  Witness,  Pietermaritzburg. 
Times  of  Xatal,  Pietermaritzburg. 

Transvaal :  — 

The  Star,  Johannesburg. 

The  Leader,  Johannesburg. 

Tlic  Rand  Daily  Mail,  Johannesburg. 

The  Pretoria  yews,  Pretoria. 

The  Volksstem,  Pretoria. 

Orange  Iliver  Colony  :  — 

The  Friend,  Bloemfontein. 
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yaturc. 
The  finics. 
Tilt'  Atlicnauw. 
The  Acinic  my. 

SCIENTIFIC    SOCIETIES    AND   OTHER    INSTITUTIONS. 

Capo  Colony  : — - 

Tho  Koyal  Observatory. 

S.A,  Philosophifal  Society,  Cape  Town. 

Eastern  Province  Naturalists'  Society,  Port  Elizabeth. 

The  Athenseuni,  Kimberley. 
Transvaal :  — 

The  Transvaal  Philosophical  Society. 

The  Chamber  of  Mines. 
Orange  IJiver  (blony  :  — 

liloenifontein  Philosophical  Society. 
Rhodesia  :  — 

Scientific  Association,  Biilawayo. 

MUSEUMS. 

S.A.  Museum,  Cape  Town. 
Albany  Museum,  Grahamstown. 
King  William's  Town. 
Port  Elizabeth. 
Australia  :  — 

Australian     Association     for     the     Advancement     of 
Science. 
Adelaide  : 

Poyal  Society  of  South  Australia. 
Brisbane : 

I{oval  Societv  of  Queensland. 
Melbourne  : 

Roval  Socieiv  of  Victoria. 
Svdnev : 

Boval  Societv  of  New  South  Wales. 
Austria  :  — 
A'ienna : 

Kaiserliche  Akademie  der  Wissenschaften. 
Belgium  :  — 
Brussels  : 

Academic  Boyale  des  Sciences. 
Canada : — 
Ottawa  : 

Boval  Societv  of  (\inada. 

t  t 

Toronto  : 

Canadian  Institute. 
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Donmark  :  — 

Copenhagen : 

Kongelige  Danskc  Videnskabemes  Selskab. 
England  :  — 

Cambridge : 

Philosophical  vSociety. 
Kew : 

National  Physical  Institute. 
London  : 

Kritish  Association  for  the  Advancement  of  Science. 

Ihitish  Museum  (Natural  History). 

(jeological  Society. 

Imperial  Institute. 

Linnean  Society. 

Mathematical  Society. 

Pliysical  Society. 

Koyal  ('olonial  Institute. 

I^)yal  Geographical  Society. 

Royal  Meteorological  Society. 

Royal  Society. 

Society  of  Arts. 

Zoological  Society. 
Manchester  : 

Literary  and  Philosophical  Society  of  Manchester. 
Oxford  : 

Bodleian  Library. 
Finland  :-  - 

Ilelingfors : 

Societe  des  Sciences. 
France :     - 

Cherbourg  : 

Societe  des  Sciences  Naturelles. 
Paris : 

Academic  des  Sciences  de  Tlnstitut. 

Association  Francaise  pour  TAvancement  des  Sciences. 

Bureau  International  des  Poids  et  Mesures. 
Germany  :  — 
Berlin  : 

Konigliche  Preussische  Akademie  der  Wissenschaften. 

Verein  der  Naturforscher  und  Aerzte. 
Charlottenburg : 

Physikalisch-Technische  Reichsanstalt. 
Gottingen. 

Kcinigliche  Gesellschaft  der  Wissenschaften. 
Munich  : 

Konigliche  Bayerische  Akademie  der  Wissenschaften. 
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liungary : — 
]hi(la-j)e8i  : 

Die  I'ligiU'ischo  Akiulcmie  tier  Wissenschaften. 
India  :  — 

Calcutta  : 

Asiatic  Society  of  Bengal. 
Ireland  :  — 
Dublin  : 

Koval  Dublin  Society. 
Koval  Irish  Academy. 
Italy:  — 

t. 

IJome  : 

Keale  Accademia  dei  Lincei. 
Societa  Italiana  delle  Scienze. 
Japan  :  — 
Tokio : 

Asiatic  Society  of  Japan. 
Mauritius :  — 

Royal  Society  of  Arts  and  Sciences. 
Netherlands :  — 
Amsterdam  : 

Kcminklijke  Akademie  van  Wetenschappen. 
Haarlem  : 

HoUandsche  Maaiscluippij  der  Wetenschappen. 
Xew  Zealand  :  — 
Wellington  : 

New  Zealand  Institute. 
Norway :  — 

Trondhjem  : 

Kongelige  Norske  A'idenskabers  Selskab. 
Portugal :  — 
Lisbon  : 

Academic  Royale  des  Sciences  de  Lisbonne. 
Kussia  :  — 
Moscow : 

Societe  Imperiale  des  Naturalistes. 
St.  Petersburg : 

Academic  Imperiale  des  Sciences. 
Scotland :     - 
Aberdeen  : 

Philosophical  Society. 
Edinburgh  : 

Poyal  Society. 
Glasgow  : 

Philosophical  Society. 
Poyal  Physical  Society. 
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Servia  :  — 

Belgrade  : 

Academic  Koyale  de  Serbie. 
Spain  :   - 
Madrid  : 

lieal  Academia  de  Ciencias. 
Sweden  :  — 

Stockhcdm  : 

Kongliga  Svenska  Vetenskaps-Akademie. 
Switzerland  :  — 
Geneva : 

Societe  de  Physique  et  dMlistoire  Natiirelle  de  Geneve. 
Zurich  : 

Xaturforschende  Gesellschaft. 

International  Chemical  Society. 
Tasmania  :  — 
lEobart : 

lloyal  Society  of  Tasmania. 
United  States :  — 
Boston  : 

American  Academy  of  Sciences. 
Chicago  : 

Academy  of  Sciences. 
Xew  York : 

New  York  Academy  of  vSciences. 
Philadelphia : 

American  Philosophical  Society. 
St.  Louis : 

Academy  of  Science. 
Salem  (Mass.)  : 

American  Association  for  the  Advancement  of  Science. 
San  Francisco  ; 

California  Academy  of  Sciences. 
Washington  : 

National  Academy  of  Science. 

Smithsonian  Institution. 

Cnited  States  National  Museum. 
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Cholera 240 

Climate    of   Southern    Rhodesia  301 

Clover 273 

Cockle  Burr 262 

Cockscomb 254 

Cohen,  Professor 149,  176 

Colby,  General 403 

Common  Cotton 273 

Common  Oats 266 

Common  Purslane 278 

Common  Vetch 273 

Comparative  Table  of  Meteoro- 
logical Elements 136 

Concentration 34,  36,  114 

Contact    Process    of    Sulphuric 

Acid  Manufacture 97 

Copper 94 

Com  Gromwell 255 

Corn  Marigold 259 

Corstorphine,  George  S.    145,  176,  177 

Cosmos 259 

Cotton,  Major  Powell 19 

Court,  Stephen 499 

Cow  Clover 273 

Cow  Herb 257 

Crookes,  Sir  William 18 

Crosse,  Andrew  F 77,  83 

Crowfoot  Grass 267 

Crown  Deep 334 

Cullen,  W 94 

('urie,  "M.  and  Mme 18 

Curly  Dock 278 

Cutten,  W.   11 303 

Cyanide  Process 38,  52 

Cyanide  Solutions,  Titration  of  58 

Dagga 274 

Dale,  L 197 

Dandelion 261 

Darnel 268 

Daspoort  Cement  Works    ....  94 

Davis-Calyx  Drill 344 

Davy,  J.  *B 252 

Davy,   Sir   Humphry 100 

Deacon,  Henry 101 

De  Barros  . .  ' 509 

Delesse.  M 151,  177 

Denny,  G.  A 332 

Denny.  Harry  S 109 

Devil's  Thorns 282 
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Diamond   Drilling 332 

Diamond  Pipes  of  Pretoria  Dis- 
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Dibdin,  Mr 430 

Diphtheria 245 

Domestic  Architecture 447 

Donkin,  Brvan 420 


Ddrffel,  D 177 

Draper,  David 163,  160,  177 
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Dunn,  E.  J 149,  177,  198 
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Education  of  Examiners     ....  471 
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Evening  Primrose 275 
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Expectoration 22 

Exton,  Dr.   li 152 
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Farmer,  Professor 21 
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Fat  Hen ' 257 
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Fire  Appliances 412 

Fire  Prevention 411 

Fire  Protection  on  the  Mines  . .  411 

Fishes,  South  African 318 
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on 369 

Four  o'clock 276 
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Freeman,  John  R 415 

Fritsch,  Dr.  Gustav 311 

Fynn,  H.  J 163 
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Geikie.  Sir  Archibald 156 
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Red  Water 20 
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Remwn.  Professor  Ira 28 
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ing 938 

Residues 36 
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Bideal.  Dr.  S 440 
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Robinnnn  Cold  Mining  Co.,  Ltd.  10,  09 

Rogers,  A.  W ISO,  179 
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Ronaldson.  -T.  H 367 
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Rutherford,  Professor 18 

Salsify 261 
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SchSnUnd,  S 198 

Sthrocder,  Dr 103 
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Sclater,  W.  L 487 

Scurvy 21 
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Sulous.  F    C.  517 
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Sesame 276 

Sen-age,  Purification  of 428 

Sewage,  Septic  Tank  Treatment 
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Siiaw,   Professor  Hele 389 
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Soddy,  Mr 18 

Soils  of  the  Transvaal 83 
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South  African  Exploiives  Co.  . .       16 
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Stewart,  CM 118 

Stinking   Chamomile 258 

Stink  Grass 268 

Stock  Exchange,  Johannesburg  16 

Stone  Implements 197 

Stow,  G.  W 162,  180 

Stratigraphical  Investigation  in 

South  Africa 145 

Strawberry — Raspberry 279 

Study,  Nature 487 

Sucker  Fish 318 

Sulphuric  Acid 97 
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Survey  Practice  in  the  Transvaal  387 

Surveyor,  Mine 393 
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Sutton,  J.  R 121 

Swan,  R.  M.  W 198 
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Thorny  Pigweed 254 
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Thurston,  G.  H 411 

Tick  Fever,  Rhodesian 201 

Tillson,  G.  W 505 

Timothy 270 
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Tournoforts  Spt»edwell 280 

Torrente,  M 74 
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Treatment  of  By-Products  ....  74 

Tree  Tobacco  .\ 280 
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Tropical  Diseases 19 

Tsetse  Fly 19 

Tuberculosis 228 

Tylor,  Professor 510 

Typhoid  Bacillus 21,  246 


Uganda 19 

Uitenhage 17,  146 

Upright  Knotweed 277 

Van  Oettingen,  Professor  ....  52 
Vapour  Tensions,  Comparison  of  141 
Vegetation  of  Southern  Rhode- 
sia    300 

Ver\'ain 282 

Walk  Grass 270 

Wart  Cress 263 

Water  Cress 203 

Water  Mint 271 

Water  I^ersicaria 277 

Watts'  Dictionary  of  Chemistry  56 

Weeds 287 

Weeping  Willow 279 

Weiskopf,  E 97 

White,  Franklin 199,  515 

White  Kaffir  Corn 265 

White  Poplar 279 
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Whittome,  A.  C 420 

Wild  Plantain 277 
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Williams,  Gerard  W 93 

Williams,  John  R 33 

Willoughby,  Rev 312 
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Wrigley,  Andrew 147,  181 
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Zeiller,  R 174,  181 
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